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PREFACE. 


The  teaching  of  Pathology  in  the  British  schools  of  medicine  has,  of 
late  years,  assumed  greatly  enlarged  proportions,  while  the  publication 
of  native  text-books  has  by  no  means  kept  pace  with  it.  Since  the 
publication  of  Wilks  and  Moxon's  excellent  work  on  Pathological 
Anatomy  in  1875,  no  complete  English  work  has  appeared,  Green's 
"Introduction,"  though  improving  both  in  scope  and  fulness  with  suc- 
cessive editions,  laying  no  claim  to  be  a  complete  systematic  treatise. 
In  the  paucity  of  English  works  we  have  had  several  translations  of 
foreign  manuals.  The  Sydenham  Society,  in  1872,  issued  a  translation 
of  Rindfleisch's  Manual  of  Pathological  Histology,  and  during  the  last 
few  months  we  have  had  the  first  instalments  of  translations  of  Cornil 
and  Ranvier's  "Manuel  d'Histologie  Pathologique,"  and  of  Ziegler's 
"  Lehrbuch  der  Pathologischen  Anatomie  und  Pathogenese."  These 
two  latter  translations  were  announced  after  the  author  had  undertaken 
the  present  work. 

The  want  of  a  complete  English  text-book,  felt  by  the  author  in  the 
course  of  teaching,  suggested  this  undertaking.  It  will  be  seen  from 
the  Contents  that  the  scope  of  this  work  is  somewhat  more  extensive 
than  that  of  most  works  on  the  subject.  These,  for  the  most  part,  are 
limited  either  to  Pathological  Anatomy  or  General  Pathology,  while  in 
this  work  an  endeavour  has  been  made  to  include  both.  It  will  be  ac- 
knowledged that  the  whole  aim  of  pathological  anatomy  is  to  elucidate 
the  actual  vital  processes  of  disease,  and  it  has  been  felt  by  the  author 
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in  lecturing  on  Pathology  that  the  subject  gains  in  interest  and  intelligi- 
bility when  the  etiology,  anatomy  and  general  pathology  are  all  taken 
into  account  in  forming  a  general  conception  of  each  morbid  condition. 
The  author  is  conscious  of  many  imperfections  and  omissions  now  that 
he  contemplates  his  completed  task  ;  he  can  only  a«k  for  the  indulgence 
of  the  reader,  and  he  may  be  allowed  to  hope  that  an  opportunity  will 
be  given  of  improving  on  the  present  work. 

It  was  in  the  plan  of  the  author  to  indicate  the  literature  of  the 
various  subjects  treated  of;  this,  however,  has  been  necessarily  left 
over  In  the  meantime  it  may  be  stated  that  the  author  has  been  much 
indebted  to  the  works  of  Tiechow,  Wa«ne«,  Rindi^leisch,  Cohnheim, 
PAGET,  WII.KS  and  MOXON,  Payne,  Klebs,  Cop,nil  and  Ranvieb, 

FOBSTEE,  ROKITANSKY,  BmCH-HlESCHEELD,  BiLLBOTH  and  ZlEGLEE  Or 

general  guidance  in  the  preparation  of  the  work.    As  the  author  for 
the  last  fourteen  years  has  been  constantly  engaged  as  a  practica 
Pathologist  and  in  teaching  large  classes  of  students,  the  work  m  most 
of  its  departments  rests  upon  his  own  observation  and  experience. 

In  the  preparation  of  the  work  for  the  press  and  in  arranging  tto 
index  the  author  has  been  under  great  obligation  to  Dr  Geo^  ,  ^ 
Middleton  and  Dr.  J.  Lindsay  Steven,  the  fomer  of  whom  has  also 
supplied,  in  the  index,  the  derivations  of  words. 


Glasgow,  March,  1883. 


CONTENTS. 


PAET  FIEST.— GENEEAL  DISEASES. 
INTRODUCTION. 

Pathology  is  the  study  of  diseases  in  their  essential  nature,  1 ;  The  relation  of 
morbid  and  healthy  conditions,  of  Pathology  and  Physiology,  2;  Pathology 
elucidated  by  means  of  Experimental  Pathology,  2;  Pathological  Ana- 
tomy, 3  (including  Pathological  Histology,  4);  and  Clinical  Observation,  5. 

AFFECTIONS  OF  THE  CIRCULATION  AND  OF  THE  BLOOD. 

Physiglogical  Considerations. — Arrangements  for  regulating  the  distribxi- 
tion  of  the  blood,  7;  Tonicity  of  arteries,  8;  Regulation  of  arteries  by 
peripheral  centres,  8. 

Hyperemia  and  ANiEMiA,  9;  (1)  General  Hyperemia,  Plethora  an  equi- 
valent term,  9;  Artificial  Plethora  produced  by  Transfusion,  10;  Quantity 
of  blood  transfusible,  10;  Disposal  of  excess,  10;  Effects  of  blood  con- 
taining free  ferment,  11;  Effects  of  alien  blood,  11.  Plethora  in 
man,  12. 

(2)  General  Anemia. — A  true  general  anaemia  or  ohgeemia  produced 
by  h£emorrhage,  13;  the  resulting  conditions,  Hydrjemia,  Leucocjrtosis,  13; 
Eeplenishment  of  the  red  corpuscles  a  slow  process,  14.  Spontaneous 
An^^mias.— Chlorosis,  15;  Pernicious  Anaemia,  15;  Secondary  anaemia,  16. 
Secondary  organic  changes  in  antemia,  17. 

(3)  Local  Hyperemia — Its  two  forms:  (a)  Active  Hyperemia  or  Ac- 
tive Congestion,  17;  rarely  from  increase  of  blood-pressure,  18;  collateral 
hypersemia  in  relation  to  blood-pressure,  18.  Dilatation  of  arteries  the 
essential  cause  of  active  hyjDersemia,  19;  from  application  of  warmth,  from 
removal  of  pressure,  from  vaso-motor  paralysis,  19;  Eesults  and  signs,  20. 
(6)  Passive  Hyperemia  produced  by  weakness  of  the  heart  with  gra- 
vitation (hypostasis),  20;  obstruction  of  arteries  and  veins,  21;  and  valvu- 
lar disease,  21;  Results  are  the  consequence  of  increased  blood-pressure,  21; 
chiefly  haemorrhage  by  diapedesis,  22;  and  oedema,  23. 

(4)  Local  An^kmia  produced  by  obstruction  of  capillaries  or  arteries,  24; 
its  results,  25. 


X 


CONTENTS. 


Thrombosis  and  Embolism. — Tlirombosis  is  the  coagulation  of  blood  inside 
the  vascular  system,  25;  Conditions  of  coagulation,  25;  the  part  taken 
by  the  leucocytes,  26;  red  thrombi,  26;  white  and  mixed,  27.   The  two 
main  elements  in  thrombosis  :  stagnation  of  blood,  27  (illustrations,  28); 
injury  to  wall,  28  (illustrations,  28).    Growth  of  thrombi,  29.  [Post- 
mortem coagula,  30.]  Changes  in  thrombi:  softening,  31 ;  (vein-stones,  31) ; 
organization,  31.    Capillaries  in  relation  to  thrombosis,  32.    Effects  of 
thrombosis:  Hypersemia  and  oedema,  33;  rarely  gangrene,  34. 
Embolism.— In  anastomozing  arteries  and  capillaries,  34;  in  end  arteries,  35; 
Cohnheim's  experiments,  35;  the  hsemorrhagic  infarction,  36.  Illustra- 
tions in  man:  embolism  in  lungs,  37;  spleen,  38;  kidneys,  38;  brain,  39; 
portal  vein,  39.   Peculiar  case  of  the  superior  mesenteric  artery,  40.  Ca.se 
of  arteries  rendered  end-arteries,  41.   Further  consequences  of  embolism: 
necrosis,  41 ;  absorption,  42. 

Oil  embolism,  42.    Air  embolism,  44. 

HEMORRHAGE.— Haemorrhage  by  rupture  or  by  diapedesis,  44  (illustra- 
tions 45).  Stilling  of  hfemorrhage,  45;  by  thrombosis  and  other  aids,  46; 
disposal  of  the  extravasated  blood,  the  fibrine  and  red  corpuscles,  47; 
cells  containing  red  corpuscles,  48;  pigmentation,  48. 

The  Hematoma,  of  the  scalp,  49;  ear,  49;  dura  mater,  heart,  uterus,  50. 

(Edema  and  DROPSY.-The  lymphatic  circulation,  50.  Causes  of  oedema  and 
dropsy,  51;  obstruction  of  lymphatics,  51;  increased  transudation  from 
capillaries,  53;  the  latter  the  essential  cause.  Illustrations:  veiious  hyper- 
.W,  53;  hydr^emia,  54.  Tlie  oedema  of  Bright's  disease  and  hydremic 
plethora,  54. 

LEUKEMiA.-Condition  of  the  olood,  an  anaemia  with  increase  of  leucocytes,  56; 
nature  of  the  change,  57.  Association  with  lesions  in  supposed  blood- 
forming  organs:  Spleen,  57;  Bone-marrow,  58;  Lymphatic  glands,  59. 
Secondary  changes  in  other  organs  :  liver,  kidney,  59;  mtestme,  etc.,  60; 

PSEUDO-LEUKEMIA,  61. 

MELANEMiA.-Solid  pigment  in  blood  after  agues,  61;  Its  origin  from  red 
corpuscles,  61;  Deposition  in  spleen,  liver,  brain,  kidneys,  etc.,  62. 

UREMiA.-Supposed  to  be  a  poisoning  with  urinary  constituents,  62;  Various 
other  views,  63;  Eeasons  for  adhering  to  original  one,  63. 

Diabetes  MELLiTUS.-The  normal  sugar  in  blood  and  urine  has  no  relation 

^"To  theld,  64;  In  diabetes  the  relation  marked,  64;  An 

for  sugar,  65;  The  liver  forms  ^^^^^^^^^^  ^ 
version  of  glycogen  into  sugar,  66;   Explanation  oi  " 
Z   67  In  Irtiticial  diabetes  circulation  in  liver  deranged,  67;  aho  .n 
"jjeL  man,  6D.    A  hyperemia  of  abdominal  ™cera  generally,  69. 
Lesions  in  coeliac  plexus,  69;  in  bram,  70. 


CONTENTS. 


xi 


INFLAMMATION. 

Etiology. — Irritants  damage  the  tissues,  72.  Internal  inflammations  also 
produced  by  irritants,  72.  Eelation  of  the  nervous  system,  73.  Path  of 
conduction  of  irritants,  75. 

The  Principal  Phenomena. — Experiment  giving  a  summary  view  of 
these,  75. 

1.  The  State  of  the  Vessels. — Dilatation  of  the  arteries  with  active 
hypertemia  (Determination  of  blood),  77.  This  a  local  process  from  para- 
lysis of  miTSCular  coat,  78;  irritants  paralyse  the  tissues,  78;  evidence  from 
pigment  cells  of  frog,  etc.,  78.  Retardation  of  current  and  pavementing 
of  veins  from  acquired  adhesiveness  of  corpuscles,  79.  Temperature  of 
inflamed  parts — the  rise  due  to  Determination  of  blood,  81. 

2.  The  Inflammatory  Exudation. — The  exudation  cells,  their  source 
in  the  blood,  82  ;  emigration  of  leucocytes,  83 ;  diapedesis  of  red  cor- 
puscles, 84.  The  serous  exudation,  shed  from  si;rface  or  causing  cedema, 
84;  greatly  increased  transudation,  85.  The  fibrinous  exudation,  its 
manifestations,  85;  not  usually  in  serous  sjDaces,  86.  Mode  of  production 
of  inflammatory  exudation,  86;  the  damage  to  the  vessels  the  cause  of 
escape  of  corpuscles,  86;  and  increased  transudation,  87;  the  formation 
of  fibrine,  87.  Mixed  exudations — Variations  as  to  site,  etc.,  88.  Final 
disposal  of  exudation,  89. 

3.  The  Changes  in  the  Tissues  and  New-Formation. — At  first 
retrograde  changes,  90.  New-formation,  Its  type  in  the  granulating 
WOUND,  90.  Character  of  inflammations  leading  to  granulation,  90.  Two 
kinds  of  cells,  91.  The  formative  cells  and  their  changes,  91.  New- 
formation  of  blood-vessels,  93.  The  origin  of  the  formative  cells,  94, 
Connective  tissue  and  the  lymphatic  system,  94.  New-formation  of 
epithehum,  96.  Other  instances  of  new-formation,  96.  New-formation 
in  connection  with  foreign  bodies  and  dead  tissue,  97. 

4.  Individual  Forms  of  inflammation:  congestive,  exudative,  98;  in- 
fective, phlegmonous,  ulcerative,  99;  degenerative,  formative,  100. 


RETROGRADE  METAMORPHOSES. 

Necrosis  ;  Gangrene,  101.  Conditions  producing  local  death,  101;  interfer- 
ence with  circulation,  102;  traumatic  agents,  102;  excessive  heat  or  cold, 
103;  special  case  of  senile  gangrene,  103;  senile  softening  of  the  brain,  103; 
ergotism,  hospital  gangrene,  104.  Changes  in  the  Dead  Tissue  give 
the  character  to  the  necrosis,  so  (1)  Coagulation  necrosis,  104;  (2)  Caseous 
necrosis,  108;  (3)  Dessication  or  mummification,  108;  (4)  Softening  and 
moist  gangrene,  109.  Limitation  of  the  necrosis,  109.  Disposal  of  the 
dead  tissue,  110. 


xii  CONTENTS. 

Simple  Atrophy,  111.    Physiological  atrophy  of  hair,  teeth,  etc.,  a  vital  pro- 
cess, 111.    General  emaciation,  111;  local  atrophies,  112;  of  muscles  from 
disuse,  112;  tropho-neuroses,  113. 
Albuminous  In>filtration,  causes  and  appearances,  114. 
Fatty  Degeneration,  115.    The  free  and  combined  fat  of  the  tissues,  115. 
Bauer's  experiments,  116.    Fatty  degeneration  in  anaemia,  inflammation, 
etc.,  116.    Source  of  the  fat,  117.    The  anatomical  changes,  118;  final 
disposal  of  the  fat;  absorption,  118;  formation  of  cholestearine,  119; 
caseation  (tuberculization),  120. 
Fatty  Infiltration,  120.    Obesity,  120.    Infiltration  in  structures  out  of 
use,  120;  in  muscles,  heart,  disused  glands,  121.    Special  case  of  fatty 
liver,  121.    Appearance  of  the  fat,  122. 
Pigmentary  Infiltration,  123.     Connection'  with  haemorrhage,  123 ;  in 

tumours,  123;  in  lungs;  uterus;  bronzing,  etc.  124. 
Mucous  AND  Colloid  Degeneration,  124.  The  physiological  mucus,  124; 
coUoid  ovarian  cyst,  125 ;  colloid  goitre,  etc.,  126.  Mucous  degeneration 
of  connective  tissue,  bone,  cartilage,  tumours,  126. 
Calcareous  Infiltration,  126.  Lime  salts  dissolved  in  tissues  and  juices  127. 
Metastatic  calcification,  127.  Infiltration  of  dead  or  obsolete  structures, 
127;  of  parasites,  inflammatory  products,  128;  of  walls  of  arteries, 
etc.,  129. 

Amyloid  Degeneration,  130.  The  amyloid  substance,  130.  The  disease 
affects  connective  tissue  and  walls  of  vessels,  131.  Effects  on  structin. 
and  function,  133.  Localized  amyloid  degeneration,  133.  Nature  of  the 
process,  133.    Corpora  amylacea,  134. 

HYPERTROPHY,  REPAIR,  AND  REGENERATION. 

HYPERTROPHY,  136.    Its  type  in  normal  growth,  136.  ^"^^'^^^ 
cells  137.    Hypertrophy  from  excessive  performance  o  a  normal  tixnc 
tion  138    (1)  S  musde  of  bladder,  heart,  etc.,  138;  details  of  process,  139, 
h^rplasia  139     (2)  In  epidermis,  139;  from  intermittent  pressure,  140. 
hyperplasia,  i^y.    k  j       f  ^..^.^i^  149  •  near  inflammations,  in 

Hyi^ertrophy  from  increased  blood  supply,  i^y  , 

boue,  etc.,  140. 

toration  m  lowest  ammais,  14/.  ^^^^^^ 
.       restoration  m       t  -mal,  142.  ^^^^  ^     ,^3^  inten- 
WOUNDS;  immediate  ^         ^'^'^ ^^..^  144.  blood;  epidermis,  144; 
tion,  144.    Eegeneratioii  of  lost  ^^'""f^'l^^l  '^  '       J^ve  fibres;  mus- 
connective  tissue,  146;  bone  (transplantation),  147, 

cle,  147. 


rONTENTS. 


xiii 


INFECTIVE  TUMOURS  (GRANULATION-TISSUE  TUMOURS). 

Due  to  tlie  action  of  viruses,  148.  In  structure  analogous  to  inflammatory 
new-formations,  and  generally  associated  with  inflammation,  148. 

Syphilis,  149.  The  primary  chancre,  149.  The  secondary  stage,  in  which  the 
virus  is  in  the  blood,  150;  blood  and  secretions  contagious,  150.  The 
tertiary  stage  characterized  by  unsymmetrical  gummata,  151;  structure 
and  tendencies  of  gumma,  152;  its  relations  to  the  virus,  154.  Heredi- 
tary and  congenital  syphilis,  155. 

Tuberculosis. — (a)  General  Tuberculosis,  155.  Case  of  Acute  Miliary  Tu- 
berculosis, 155;  a  virus  in  blood,  156;  comparable  to  secondary  stage  of 
syphilis,  156.  The  structure  and  tendencies  of  the  miliary  tubercle,  156. 
Connection  of  tuberculosis  and  inflammation,  159.  (6)  Local  Tuberculosis, 
160.  Illustrations;  tubercular  peritonitis,  160;  renal  phthisis,  160.  Tu- 
bercular ulcers,  161.  Scrofulous  tubercle  of  brain,  162.  Artificial 
production  of  Tuberculosis;  by  inoculation,  162;  by  inspired  air,  by 
food,  163.  Nature  of  the  tubercular  virus,  163;  the  tubercular  bacillus  of 
Koch,  164.  Scrofula,  etc.,  included  in  tuberculosis,  165.  Source  op  the 
tubercular  virus;  in  acute  miliary  tuberculosis,  166;  in  local  tubercu- 
losis, 166. 

Bovine  Tuberculosis  or  Perlsucht,  168. 

Lupus,  169. 

Leprosy,  170. 

Glanders  and  Farcy,  171. 

TUMOURS  OR  MORBID  GROWTHS. 

Definition  and  general  characters,  173.  Homologous  and  heterologous,  173. 
Origin  and  development,  174;  theory  that  tumours  arise  from  embryonic 
tissue  left  over,  174;  applicability  of  this  view  to  some  tumours,  176. 
Growth  and  extension;  of  simple  tumours,  176;  malignancy,  locll  and 
general,  176;  metastasis,  177;  malignancy  of  tumours  usually  simple,  178. 
Secondary  changes  in  tumours,  178;  cachexia,  dyscrasia,  etc.,  179.  Clas- 
sification, 179. 

A. — Simple-Tissue  Tumours. 

(1)  The  connective  tissue  tumour,  or  Fibroma,  181  ;  including  Ele- 
phantiasis arabum,  181;  cutaneous  outgrowth,  182;  fibroma  molluscum 
182;  soft  and  hard  fibromas,  182.  (2)  The  fatty  tumour  or  Lipoma,  184.' 
(3)  The  mucous  tissue  tumour  or  Myxoma,  186;  including  hydatid  mole* 
186 ;  and  mucous  tissue  tumour  proper,  1 87.  (4)  The  cartilaginous  tumour 
or  Chondroma,  189.    (5)  The  bony  tumour  or  Osteoma,  191;  includina 


xiv  CONTENTS. 

the  spongy  exostosis,  191;  the  ivory  exostosis,  192;  and  other  osteomas,  192. 
(6)  The  muscular  tissue  tumour  or  Myoma,  193  ;  chiefly  the  smooth- 
celled  form  193  (7)  The  nervous  tissue  tumour  or  Neuroma,  196;  the 
false  and  true  neuromas,  197.  The  painful  subcutaneous  tumour,  198. 
(8)  The  vascular  tumour  or  Angioma,  199.  (9)  The  glandular  tumour  or 
Adenoma,  201;  including  the  mammary,  prostatic,  mucous,  201;  thyroul 
and  hepatic  forms,  202.  (10)  The  GHoma  or  tumour  of  nervous  connective 
tissue,  203.    (11)  The  brain  sand  tumour  or  Psammoma,  204. 

B— Compound-Tissue  Tumours. 
(1)  The  cystic  tumour  or  Cystoma,  204;  mode  of  formation  of  cysts,  205. 
(2)  The  papillary  tumour  or  PapiUoma,  209.    (3)  The  Teratoma,  210; 
sacral  tumours,  210;  dermoid  cysts  of  ovaries,  etc.,  211. 

C. — Cellular  Tumours. 
(1)  Sarcomas,  212;  deBoition,  stmcture,  mode  of  g"wtl.  212;  relation 
to  blood-vessels  213;  Varieties:  the  ro.md  celled,  213;  J'^'e^elled  2^^^^ 
ovstic  215-  f-iant-celled,  216;  osteoid,  217;  melanoid,  217,  alveolar 
217  Ind  p  exiform,  218  (2)  Cancer  or  Carcinoma,  218;  defimt.on  and 
strucU^e  219.  Origin  of  epithelium  from  l>re-existmg  epi  hehum 
iU^tration,  .0;  ^^S"^^:^::^:::, 

including  medullary,  226    sen  hous        ,  lymphoma, 

and  mucous  cancers,  230.     ['i)   J-ue  i^mpuo, 

tochlv^  clueiiy  the'lj^phadenoma,  231;  and  lymphosarcoma,  231. 

PARASITES. 

^.—Vegetable  Parasites. 

9-:i9-  thPir  occurrence  in  decomposing  matter, 
MiCRO-ORaANisMs  OR  Bacteria,  2;32,  their  occ^^^  eocco-bacteria, 
232;  their  source,  in  the  air,  etc  2^3;  their  foims,  .^^ 

bacillus,  spirillum,  ^^^^^  ^^^^^^  239. 
mi  the  living  tissues,  238.    Case  ot  putieiyiuB  ^ 
S  240.    Importance  of  distingt.ishing      ^^^t  2I1! 

Putrid  or  septic  VO^^Sj;-o'^j;^J^^,^^^,. 

::ZttTC^^  "triform  .putrid  infection,  2.7.  It. 

„  <9A7     TTlcerative  endocarditis,  zoi. 
phenomena,  24/.    Ulcera  ^,,,^,,,  252     (1)  The  relation  of 

.  ,T.T  AriTTP  specific  diseases,  ZO^. 
™":s'V;mr  diseases,  2.3;  spienic,  2.3;  re.psing,  2..; 


CONTENTS. 


XV 


typhoid,  255;  and  other  fevers,  256;  erysipelas,  256;  ulcerative  endocar- 
ditis, etc.,  257.  (2)  Cultivation  of  pathogenic  bacteria,  258;  bacillus 
anthracis,  258;  tubercular  bacillus,  260,  etc.  (3)  The  question  of  im- 
imuiity,  260  ;  natural,  260;  and  acquired  immunity,  262.  Pasteur's  arti- 
ficial production  of  a  vaccine  for  anthrax  and  chicken  cholera,  262. 
Explanation  of  immunity,  263. 

Sarcina  Ventricdli,  265;  development  in  blood  outside  the  vessels,  265. 

Parasitic  Fungi,  266.  Outline  of  structure  of  fungi,  266.  Fungi  in  the  blood 
and  tissues,  267.  The  madura  foot,  269.  Fmigi  in  the  ear,  skin,  269 ; 
hair,  270;  mucous  membranes,  etc.,  271.  Actinomycosis,  882. 

B. — Animal  Parasites. 

(1)  Trematoda  or  Flukes,  272.  The  distoma  hepaticum,  272;  siu- 
ense,  273;  lanceolatum  and  haematobium,  etc.,  274. 

(2)  Cestoda  or  Tape-worms,  274.  Their  structiu-e  in  general,  274. 
Taenia  solium,  275;  structure  of  strobila,  275;  and  cysticercus,  278;  mode 
of  propagation,  280.  Tasnia  mediocanellata,  280.  Tienia  echinococcus,  282. 
Formation  of  echinococci  or  hydatids,  282.  Bothriocephalus  latus,'  285. 
Barer  tape-worms,  287.  ' 

(3)  Nematoda  or  Eound-worms.     Trichina  spirahs,  288;  its  appear- 
ance m  muscle,  288;  development  and  migration  of  embryoes,  289  As- 
caris  lumbricoides,  291.    Oxyuris  vermicularis,  etc.,  291.    Filaria  san- 
guinis, 293;  its  relations  to  chylous  urine,  295;  lymph-scrotum,  296  etc 
Stages  of  development  of  filaria,  296.  ' 

Epizoa  or  External  Parasites,  297. 


PART  SECOND.-DISEASES  OF  THE  SPECIAL  ORGANS 

AND  SYSTEMS. 

DISEASES  OF  THE  ORGANS  OF  CIRCULATION. 
A.— The  Heart  and  Pericardium. 
Malformations  of  the  Heart,  298.    Misplacements,  298.  Malformations 
of  the  cavities  and  of  their  relation  to  the  great  vessels,  2  9  "^  2 
dependent  on  stenosis  of  the  pulmonary  artery,  300;  incomplete  We 

osus,  302.  Nature  of  foetal  stenosis  of  pulmonary  artery,  303.  Irre^ularitA' 

306.  CvANosis  as  a  result  of  malformations,  307;  Duration  of  life,  308 
Atrophy  of  the  Heart,  309. 


xvi  CONTENTS. 

Hypertrophy,  its  Compensatory  nature,  310;  produced  by  iucrea.sed  force  of 
contractions,Mn  adherent  pericardium,  311;  in  valvu  ar  disease  312  n 
Bricht's  disease,  etc.,  312.  Forms  of  hyi^ertrophy,  313;  general,  and  of 
rioht  or  left  ventricle,  313.    Congestion  of  tlie  heart,  315. 

FATTY^KPILTRATION,   315.      F ATT Y  DEGENERATION,  316.      CALCAREOUS  In 

EiLTRATioN  of  th;  muBCular  substance,  318.   Injuries  and  Rupture,  320. 
INELAMMATIONS  of  the  heart.-(l)  Myocarditis,  320;  mostly  interstitial  321; 
fibroid  myocarditis,  321;  abscess  of  the  heart,  mostly  sept  c,  322  (2 
EndocardL  322;  Icute,  322;  characters  and  localization  of  lesions,  323, 
f  effeits  on  ;alvular  structures,  325;  relation  -  -me -es  t 

Iroma,  327.    Ulcerative  endocarditis,  its  ^P-^!  f  .^^^^^^^^^^^  3. 
Pericarditis,  330;  acute,  331;  usual  appearances,  331  and  res-lts^3 
adhesion  of  the  pericardium,  333.    Tubercular  pericarditis,  334.  AYhite 
or  milk  spots,  334.  , 
ANBUK.SMS.-(1)  Of  the  heart,  appearance,  and  mode  of  tormafon,  335.  U, 
Of  the  valves,  their  relation  to  acute  endocarditis,  iib. 

V.„....  D.s«s.,  33V.    — e-y^^^  ttn^^^lt::: 
T:^^TZJl^^^  t^:ZLJ^^  a.id  feets, 
343    Aort  c  steuosis,  344.    Valvnlar  disea.es  of  the  right  heart,  345. 
Co.lL  1.  XH.  HK«..-Si.nple  clots,  346;  thromhi,  347;  warty,  globular, 

polypoid,  348. 
Tumours  of  the  heart,  348. 

B  — The  Blood-Yessels. 
I„..io.,  350;  a^ute,  rare  except  ^  part  of  aseptic  V^^J^^^^ 

and  e.tern.  coa.,  355. 

.uaar:r;r::^r.^^^^  - 

Calcareous  infiltration  of  arteries,  359. 
Syphilitic  Disease  oe  Arteries,  361.  ^^^^^^ 

^..urism,  363;  forms  -3;  — 

blood-pressure  365.  ^^-^^^  3,,.    Condition  of  branches 

and  external,  366  Thrombi  m  ^^^^ 
arising  at  site  of  a— ,  3  8.  ^^^^^  ^^^sus,  371;  cirsoid 
around,  369.    Terminations  3.a 

ji:;-r— ^^^^ 


CONTENTS.  ,  XVll 

C. — The  Lymphatic  System,  Spleen,  and  Bone-Marrow. 

The  Lymphatic  Vessels,  378.  Inflammation;  lymphangeitis,  378;  erysijDelas, 
379.    Dilatation  of  lymphatics,  379. 

The  Lymphatic  Glands. — Strncture  and  function,  380.  Pigmentation,  382. 
Inflammation,  acute,  383;  and  chronic,  384.  Scrofulous  disease,  a  triie 
tuberculosis,  384.  Syj^hilitic  disease,  387.  Degenerative  chauges,  387. 
Tumours,  387. 

The  Spleen. — Structure,  388.  Malformations,  389.  Active  congestion  and 
inflammation:  the  acute  splenic  tumour,  390.  Chronic  inflammation,  the 
chronic  splenic  tumour,  391.  Passive  hyperaemia,  392.  Embolic  infarc- 
tion, 392.  Eupture  of  the  spleen,  393.  Amyloid  disease,  394;  the  sago 
spleen,  394;  the  diffiise  amyloid  spleen,  395.    Tuberculosis,  etc.,  396. 

The  Bone-Marrow,  396. 

DISEASES  OP  THE  NERVOUS  SYSTEM. 

Introductory,  397.  The  general  plan  of  the  nervous  system,  397;  lower  and 
higher  centres  in  cord,  medulla,  middle  brain,  398;  basal  ganglia,  cerebral 
convolutions,  399.  Lesions  irritate  or  destroy,  400.  Coarse  and  fine 
lesions,  400. 

A. — The  Peripheral  Nerves. 
Introductory  Considerations  as  to  structure  and  function,  400. 
Effects  of  Division  of  nerves,  402;   degeneration  and  restoration,  403. 

HYPERiEMiA  and  acute  inflammation,  404.    Chronic  neuritis,  405. 
Tumours.    Leprosy,  neuroma,  etc.,  406. 

B.— The  Spinal  Cord  and  Medulla  Oblongata. 

Introductory,  407.    The  grey  substance,  with  its  groups  of  ganglion  cells, 
407.    The  white  substance,  with  its  various  tracts,  408.    Separate  develop- 
ment of  fibres  and  centres,  408 .    Fibres  and  centres  in  meduUa  oblongata 
410.  ^  ' 

Secondary  Degenerations  of  the  Cord,  411.  Characters  of  grey  degenera- 
tion (sclerosis),  412.  Descending  degeneration,  413;  its  locality,  413;  its 
relation  to  late  rigidity,  414;  and  increased  tendon  reflex,  415.  Ascendincr 
degeneration,  416.    Degeneration  after  amputation,  417.  * 

Inflammations  OF  THE  CoRD.-Transverse  myelitis:  acute,  418;  chronic  418 
Systematic  myelitis,  420.  Eeasons  of  systematization,  420.  (1)  Sclerosis 
of  posterior  columns,  421;  special  localization  in  these,  422;  physiology  of 
the  disease,  422;  trophic  lesions,  424.  Friedrich's  hereditary  ataxia,'425. 
(2)  Spontaneous  lateral  sclerosis,  425.  (3)  Poliomyelitis  anterior  acuta, 
4.5;  anatomical  condition,  etc.,  426;  its  occurrence  in  adults  428  (4) 
Pohomyelitis  anterior  chronica,  428.    (5)  Progressive  muscular  atrophy, 


XVlll . 


CONTENTS. 


429;  chauges  in  muscles,  and  in  cord,  429.    (6)  Bulbar  paralysis,  431; 
its  locality  and  relation  to  nuclei  of  nerves,  431.    (7)  Pseudo-hypertrophic 
paralysis,  432;  condition  in  muscles,  432,  and  cord,  433, 
Tumours  of  the  Cord  and  Medulla,  434. 


C. — The  Encephalon. 

Introductory. — Course  of  fibres  and  position  of  centres  in  basal  parts,  436; 
in  hemispheres,  439;  and  in  cerebellum,  442.  The  arteries  of  the  brain, 
443. 

Secondary  Degeneration,  chiefly  of  pyramidal  tract,  445. 

Embolism  and  Thrombosis  in  cerebral  vessels,  446.  Causes  and  localities  of 
embolism  and  thrombosis  ia  arteries,  446.  Effects  of  occlusion  of  arteries, 
447.  Embolism  in  chorea,  448.  Thrombosis  of  the  cerebral  sinuses, 
449;  localities,  eflfects,  etc.,  449. 

Cerebral  Hemorrhage,  450.  (1)  From  the  larger  cerebral  arteries,  451; 
connection  with  aneurisms,  451 ;  atheroma,  452;  increase  of  blood-pressure, 
452.  (2)  From  the  nutritive  arteries,  453;  miliary  aneurisms,  453.  (3) 
From  the  capillaries,  455.  Appearances  in  the  brain  after  haemorrhage, 
455.    Organization  of  the  clot,  456.    The  apoplectic  cyst,  456. 

Softening  of  the  Brain,  457.     Anatomical  conditions  and  appearances,  457. 

Inflammations,  459.  (1)  Acute  localized  encephalitis,  459;  usually  traumatic, 
459;  abscesses,  460.  (2)  Chronic  localized  encephalitis,  461;  disseminated 
sclerosis,  461.  (3)  Diffused  encephalitis,  461;  delirium  of  fevers,  462; 
GENERAL  PARALYSIS  of  the  insaue,  462;  (atrophy  of  the  brain,  463;)  hydro- 
phobia, 465;  lesions  in  nervous  system  and  elsewhere,  466;  tetanus,  467. 

Atrophy  and  Degenerations,  467.  Congenital  atrophy,  467.  Atrophy  of 
white  substance,  468;  and  ganglion  cells,  468. 

.Syphilis  of  the  Brain  and  its  Membranes,  468.  The  gumma  in  brain 
and  membranes,  460.  Disease  of  the  arteries,  470.  Inflammations  of  the 
membranes,  471.    Localization  in  relation  to  symptoms,  471. 

Tumours  of  the  Brain,  472.    Solitary  tubercle,  472;  glioma,  473;  sarcoma, 

etc.,  474. 
Parasites,  474. 

D.— Membranes  and  Cavities  of  Brain  and  Cord. 

Introductory,  475.  •.      ^  4.- 

Meningeal  Haemorrhage,  476.    H^ematoma  of  dura  mater  4.6;  its  relation 

to  pachymeningitis,  477.    Haemorrhage  in  the  soft  membranes,  478. 
Inflammations,  47^.    (1)  Pachymeningitis,  478.    (2)  Simple  acute  naenmgitis 

478      (3)  Simple  chronic  meningitis,  479;  (4)  Epidemic  cerebro-spmal 

meningitis,  479.    (5)  Tubercular  meningitis,  480;  appearances  of  bram, 

481 ;  situation  of  tubercles,  482. 


CONTENTS. 


xix 


Accumulation  of  Cerebro-spinal  Fluid,  483.  Accumulations  ex  vacuo,  483. 
Hydrocephalus,  483;  congenital  and  acquired,  484;  chronic  hydrocephalus, 
485.    Hydrencephalocele,  486.    Spina  bifida,  486;  condition  of  cord,  487- 

Tumours  of  Meninges,  488.    Parasites,  489. 

DISEASES  OF  THE  ORGANS  OF  RESPIRATION. 
A. — The  Air  Passages. 

The  Nasal  Passages. — Congenital  malformations,  490.  Acute  catarrh,  490; 
considerations  as  to  its  causes,  491;  details  of  the  process,  491.  Chronic 
catarrh  or  coryza,  492.    Tumours,  especially  raucous  polypi,  493. 

Larynx  and  Trachea. — Malformations,  494.  Croup  and  diphtheria,  494. 
Catarrh,  497.  (Edema  glottidis,  497.  Chronic  catarrh,  498.  Subglottic 
iuflammation,  498.  Perichondritis,  499.  Syphilis,  500.  Laryngeal 
phthisis,  500.    Tumours,  501. 

The  Bronchial  Tubes.— Bronchiectasis,  504.  Catarrh  or  bronchitis,  505. 
Fibrinous  or  plastic  bronchitis,  507. 

B. — The  Lungs. 
General  Considerations,  508. 

Malformations,  510.  Atelectasis,  510;  and  collapse,  511.  Hj'pertrophy 
of  the  lung,  513. 

Pulmonary  Emphysema.-(I)  Interlobular,  514.  (2)  Vesicular;  its  causes, 
515;  expiratory,  515;  inspiratory  or  compensatory,  516;  anatomical 
changes,  517;  effects,  520.    Senile  emphysema,  521. 

Disorders  of  the  Circulation.— Active  hypersemia,  521 ;  sometimes  collateral, 
522.  Passive  hypersemia  and  oedema,  523;  hypostatic  engorgement,  523; 
mode  of  occurrence  of  oedema,  523;  appearances,  524.  Passive  hyperajmia 
from  heart  disease;  brown  induration,  525.  The  hajmorrhagic  infarction, 
526.  Embolism  without  infarction,  528;  oil  embolism,  529.  Pulmonary 
hfemorrhage,  530. 

Inflammations.— Acute  PxNeumonia,  531;  stages  of  splenization,  531 ;  red 
hepatization,  532;  grey  hepatization,  534;  and  purulent  infiltration' with 
resolution,  535;  occasional  result  in  abscess,  535;  gangrene,  etc  536- 
condition  of  pleura,  536.  Chronic  pneumonia,  536;  produdug  chiefly 
induration,  537.  Acute  catarrhal  pneumonia,  538;  related  to  capillary 
bronchitis,  538;  its  lobular  arrangement,  etc.,  539;  occasional  interstitial 
pneumonia,  540. 

Gangrene  of  the  Lungs,  540. 

Phthisis  pulmonalis,  542.  Causes,  543;  views  as  to  its  pathology  544 
Modern  view  of  a" local  tuberculosis,  545.  Conditions  which  predisposed 
54o;  path  of  entrance  of  virus,  546;  localization  at  apex,  546.  Anatomi- 
cal CHANGES,  their  complicated  characters,  546.     (1)  Condition  op 


XX 


CONTENTS. 


BRONCHI,  547;  catarrh,  547;  peribronchitis,  548;  acute  with  abscess,  548; 
or  chionic  with  induration,  548.  (2)  Fibroid  rHTHisis,  548;  pigmentation 
of  connective  tissue ;  formation  of  connective  tissue,  peribronchitic,  inter- 
lobular and  subpleural,  549;  bronchiectatic  cavities,  550;  mode  of  occur- 
rence of  emphysema  and  cavities,  550.  (3)  Catarrhal  or  Caseous 
Phthisis,  551;  the  anatomical  changes,  551;  nature  of  the  caseous 
necrosis,  553;  formation  of  cavities,  554;  general  appearances  of  the  lung, 
555.  Modes  in  which  cavities  form,  556.  Sputa,  557.  Haemorrhage  in 
earlier  and  later  periods,  557.  Condition  of  pleura,  558;  mode  of  occur- 
rence of  pneumothorax,  559.  Condition  of  bronchial  glands,  559;  intes- 
tines, etc.,  560. 

Acute  Miliary  Tuberculosis,  560.    Bovine  tuberculosis,  561. 
Syphilitic  Disease,  561. 

Tumours.— Earely  primary,  561.    Lympho-sarcomas,  562.    Cancers,  563. 
Inhalation  of  Foreign  Substances,  564;  the  ordinary  pigmentation,  564^ 
anthracosis,  565;  and  other  kinds  of  pigmentation,  566. 

C. — ^The  Pleura. 

Pleurisy,  567;  its  causes,  567;  anatomical  changes,  568.  Empyema,  569. 
Pleural  adhesions,  569.  Hydrothorax  and  pneumothorax,  570.  Tumours, 
570. 

DISEASES  OF  THE  ALIMENTARY  CANAL. 
A. — The  Mouth. 

INFLAMMATI0NS.-Catarrh,  573  ;  follicular  stomatitis,   573 ;  thrush,  574 ; 

gangrenous  stomatitis,  575.    Inflammation  of  the  tongue,  575. 
Infective  Tumours.— Syphilis,  lupus,  576. 

Tumours,  chiefly  cancers,  577.    Macroglossia,  578.    Eanula,  578. 
The  TEETH.-Caries,  579.    Inflammations  of  pulp,  cement,  and  structures 
around,  580.    Hypertrophy  of  cement,  exostosis,  581. 

B.— Soft  Palate,  Pharynx,  and  Tonsils. 

lNFLAMMATioNS.^Acute  Catarrhal  angina,  582;  f^^^^^^^^^JJ^^ 

phlegmonous  inflammation  of  fauces  (quinsy),  583;  diphtheria,  584;  ton- 
sillitis, 585;  and  hypertrophy  of  the  tonsils,  585. 

Syphilitic  and  tubercular  diseases  of  the  fauces,  585. 

C. — The  OESOPHAGUS. 
DILATATION,  general  and  partial,  586;  the  diverticulum,  586.  Obstruction, 
587     Inflammations,  588.    Perforating  ulcer,  589.    Tumours,  especially 
epithelioma,  589. 


CONTENTS. 


xxi 


D. — The  Stomach. 

Introductory,  as  to  structure  and  function,  590.    Post-mortem  changes,  592; 

including  softening  of  the  stomach,  592. 
Dilatation  and  Hypertrophy,  593. 

Inflammations,  595,    Catarrh,  acute,  595;  and  chronic,  596. 

Simple  Perforating  Ulcer,  597;  its  peculiarities,  597;  effects,  598;  and  mode 
of  origin,  598. 

HEMORRHAGE  from  the  stomach,  600. 

Tumours. — Cancer  in  its  epithelial,  601;  medullary,  602;  scirrhous,  603;  and 
colloid  forms,  603.    Other  tumours,  605. 

E. — The  Intestines, 

Introductory  as  to  structure  and  function,  605.  The  movements  of  the 
contents,  605.    Post-mortem  changes,  606. 

Malformations,  607.    Meckel's  diverticulum,  607. 

Hernia,  external  and  internal,  608.  Mode  of  occurrence,  608.  Forms  of 
external,  609;  and  internal  hernia,  609.  Contents  of  hernias,  610. 
Strangulation,  611, 

Twisting  of  the  intestine,  613;  occurrence  in  sigmoid  flexure  and  elsewhere, 
613, 

Intussusception,  614.    Prolapse  of  intestine,  615;  two  forms,  616. 

Simple  Inflammations.— Catarrh,  616;  ulcers:  follicular  catarrh  and  ulcers, 
617.  Localized  inflammations;  typhlitis  and  perityphlitis,  618;  con- 
nection of  these  with  vermiform  appendage,  618;  proctitis  and  peri- 
proctitis, 620. 

Specific  Inflammations.— Dysentery,  620;  acute  and  chronic,  621,  Cholera, 
622.  Typhoid  fever,  623;  conditions  of  intestine,  623;  and  mesenteric 
glands,  626. 

Tuberculosis  of  intestine,— Formation  of  the  tubercular  ulcer,  626. 
Tumours.— Chronic  epithelioma,  629;  colloid  cancer,  630,  etc. 
Obstruction  of  the  intestine,  630;  the  various  lesions  producing  it,  630 
Effects  of  accumulation  of  contents,  631.  ' 

DISEASES  OF  THE  LIVER,  PANCREAS,  AND  PERITONEUM, 

A. — The  Liver, 
Introductory.— As  to  structure  and  function,  634. 

Malformations  and  Misplacements,  congenital  and  acquired-the  female 
hver,  635;  folds  in  the  liver,  636;  changes  in  position,  636. 

Passive  Hyperemia,  636.  Thrombosis  and  Embolism  of  portal  vein  and 
hepatic  artery,  638,    Hypertrophy  of  the  liver,  639, 


XXll 


CONTENTS. 


Eetroqrade  Changes,  chiefly  fatty  infiltration,  640;  and  amyloid  degenera- 
tion, 641. 

Acute  Yellow  Atrophy,  its  probable  nature,  642;  characters  of  yellow  and 
red  tissue,  642. 

Inflammations  of  the  liver,  643.  The  tropical  abscess,  643;  pyaemic  abscesses, 
644.  Chronic  Interstitial  Hepatitis  or  Cirrhosis,  645;  nature  of  the 
process,  645;  the  new-formed  connective  tissue,  646;  hypertrophic  cirrhosis^ 
646;  atrophy  of  hepatic  tissue,  648;  effects  on  circulation  in  the  liver^ 
648.    Perihepatitis,  650. 

Syphilitic  Diseases  of  the  liver:  gummata  and  hepatitis,  651 ;  congenital 
syphilis,  652. 

Tuberculosis  of  liver,  653. 

Tumours,  chiefly  adenoma,  654;  and  cancer,  primary  and  secondary,  655. 
Parasites,  658. 

B.— The  Bile-Ducts  and  Gall-Bladder. 
Gall-stones,  658;  single  and  multiple,  659;  effects  of  their  shifting,  659. 
Obstruction  of  ducts,  causes,  660;  results  under  different  circumstances,  660. 
Tumours,  662. 

C. — The  Pancreas. 
Hfemorrhages,  inflammations,  662;  atrophy,  fatty  infiltration,  tuberculosis, 

cancer,  663;  concretions  and  dilatation  of  pancreatic  duct,  663. 

D. — The  Peritoneum. 
Its  relations  and  function,  especially  the  power  of  absorption,  664. 
Disorders  of  the  Circulation.— Active  hypertemia,  665;  hsematoma  of  the 

peritoneum,  665.    Ascites,  666. 
Inflammations.  -  Peritonitis,  chiefly  septic,  667.    Chronic  peritonitis,  669. 
Tuberculosis  of  the  peritoneum-tubercular  peritonitis,  669.  Secondary 

tuberculosis,  rare,  671. 
Tumours,  671. 

The  Secondary  Extension  of  Cancers  of  the  Abdominal  Organs.— The 
secondary  cancers  of  liver,  672;  probable  path  of  invasion,  672.  Cancerous 
infection  of  the  peritoneum,  674;  relation  Ijo  great  omentum,  diaphragm, 
etc.,  676. 

DISEASES  OF  THE  URINARY  ORGANS. 
A.— The  Kidneys  and  Ureters. 
Normal  Structure  and  Function,  677.    Arrangement  of  tubules,  and  blood- 
vessels, 677.    Locality  and  conditions  of  secretion  of  urine,  6/9. 
Malformations  and  Misplacements,  681.  Congenital  malformations,  includ- 
ing defect  of  one  kidney,  and  horse-shoe  kidney,  681.    Movable  kidney, 
682. 


CONTENTS. 


XXlll 


Compensatory-  Hypertrophy,  682. 

Disorders  of  the  Circulation. — Active  hypersemia,  683;  and  passive,  684. 
Embolism,  684. 

Bright's  Disease,  or  Nephritis,  685.  Caused  by  irritants  brought  by  the 
bloodj  685;  may  attack  specially  one  tissue,  hence  parenchymatous  and 
interstitial  nephritis,  686;  acute  nephritis  from  scarlet  fever,  cold,  686; 
chronic  nephritis  from  gout,  lead-poisoniug,  pregnaucy,  687.  Anatomical 
DETAILS.  Glomerulo-nephritis,  in  acute  nephritis,  especially  of  scarlet 
fever,  688.  Parenchymatous  nephritis  also  chiefly  acute,  691.  Large 
WHITE  KIDNEY,  partly  parenchymatous  partly  interstitial,  692.  Inter- 
stitial nephritis,  usually  chronic,  694;  changes  in  glomeruli,  695; 
tubules,  696;  (formation  of  cysts),  697;  blood-vessels,  698;  the  contracted 
kidney,  699.  Albuminuria,  699;  conditions  of  its  occurrence,  700.  Tube 
casts,  701.  Changes  tn  heart  and  arteries  and  increased  arterial 
tension,  702;  arterio-capillary  fibrosis,  702;  hypertrophy  of  middle  coat, 
703.  Origin  of  increased  tension  from  the  kidney  lesions,  704;  its  possible 
explanation  from  these,  705. 

Septic  Inflammations,  707.  Pytemic  lesions,  708.  Pyelonephritis,  710;  path 
of  entrance  of  septic  organisms,  710;  formation  of  abscesses,  710.  Pyo- 
nephrosis, 711.    Pyelitis,  711. 

Eetrograde  Changes. — Simple  atrophy,  parenchymatous  infiltration,  712; 
fatty  degeneration,  713.  Amyloid  degeneration,  structures  involved,  713; 
combination  of  amyloid  and  contracted  kidney,  714.  Concretions  and 
calculi;  biliary,  715;  uric  acid,  etc.,  716. 

Syphilis  and  Tuberculosis,  717.    Eenal  phthisis  a  local  tuberculosis,  717. 

Hydronephrosis,  causes  and  mode  of  occurrence,  718.  Occurrence  of  pyo- 
nephrosis, 720;  and  independent  cysts,  720. 

Tumours— Simple  cysts,  721.  Cystoid  degeneration,  721.  Primary  cancer 
722.    Sarcoma,  etc.,  723. 

Parasites — Echinococcus,  723;  filaria  sanguinis,  724. 

•        B. — The  Urinary  Bladder  and  Urethra. 

Congenital  Malformations.— Extroversion,  etc.,  724.  Eupture  and  per- 
foration, 725.  Eesults  of  extravasation  of  urine,  725.  Dilatation  and 
hypertrophy,  726;  hypertrophy  of  muscular  coat,  726;  diverticula,  726. 

Disorders  op  the  Circulation.— Passive  hypersemia,  HEemorrhage,  727. 
Inflammations,  chiefly  from  decomposition  of  urine,  727;  character  of 
urine,  728.  Tuberculosis  of  the  bladder,  729;  Tumours,  chiefly  papilloma, 
cancer,  cysts,  730.    Parasites,  730. 

Concretions  and  Calculi— Their  chief  constituents  and  causation,  731. 
Calculi  composed  of  uric  acid;  urates;  oxalate,  732;  phosphates;  carbonate; 
cystine;  xanthine,  733.] 

Diseases  of  the  Urethra.— Gonorrhoea,  stricture,  734. 


xxiv 


CONTENTS. 


DISEASES  OF  THE  FEMALE  GENERATIVE  ORGANS. 

Malformations,  includiug  the  various  forms  of  Hermaphroditism,  735;  and 
Pseudo-hermaphroditism,  736.  Defect  of  uterus,  etc.,  737.  Double  uterus, 
738;  horned  uterus,  739. 

A. — The  Uterus  and  Vagina. 
Misplacements  op  the  Uterus. — Arrangements  for  retention  of  the  uterus 

in  place,  740.    Prolapse  or  descent,  740;  procidentia,  741.    Prolapse  of 

vagina,  741.    Inversion  of  uterus,  741.    Flexions  and  versions,  742. 
Atrophy,  Hypertrophy  and  Dilatation. — Atrophy  and  hypertrophy,  743; 

hypertrophy  of  cervix,  743.   Dilatation  from  accumulation  of  contents, 

743. 

Inflammations  of  Uterus  and  Appendages.— Endometritis,  744.  Metritis, 
745.  Pelvi-peritonitis  or  perimetritis,  745.  Pelvic  cellulitis  or  para- 
metritis, 745. 

Puerperal  Fever,  a  septic  disease,  746.  The  local  lesions  and  their  exten- 
sion, 747. 

Phlegmasia  dolens,  748.    Periuterine  hematocele,  749. 

Extra-uterine  Pregnancy,  750. 

Syphilis  and  Tuberculosis  of  Uterus,  751. 

Tumours.— Hjematoma,  751.  Myoma,  752;  subserous;  intraparietal;  submu- 
cous forms,  753;  structure  and  secondary  changes,  754.  Cancer,  soft  or 
medullary,  756;  epithelial;  the  cauliflower  excrescence,  758;  colloid,  759. 
Mucous  polypi,  sarcomas,  etc.,  759. 

Parasites,  759. 

B._Ovaries,  Fallopian  Tubes,  Ligaments. 
Ovarian  hernia,  usually  congenital,  760. 

Inflammations, (of  Fallopian  tubes,  760;  of  ovaries,  761;  Chronic  oophoritis, 
761;  formation  of  cysts,  762. 

Tumours.— Simple  cysts,  762.  Colloid  ovarian  cyst,  or  Cystoma,  763;  origin 
and  structure,  764;  appearances,  766;  secondary  changes,  767;  chiefly 
fatty  degeneration,  haemorrhage,  inflammation,  767;  perforation,  768. 
Dermoid  cysts,  768.  Cancer,  769.  Sarcoma,  769.  Cysts  of  the  broad 
ligaments.  Parovarian,  770;  their  origin,  770;  and  connections,  771.  Com- 
parison of  ovarian  and  parovarian  cysts,  772. 

C. — The  Mammary  Gland. 

Malformations,  773.  Inflammations,  acute  and  chronic,  773. 

Tumours. -Adenoma,  774;  adenoid  sarcoma  and  sarcoma,  775;  cysto-sarcoma, 
776  Cancer,  parenchymatous  and  duct  cancers,  778;  connection  with 
Paget's  disease  of  the  nipple,  778.  Creighton's  views  of  cancers  of  breast, 
779.  Forms  of  cancer;  scirrhus,  779;  meduUaiy,  781 ;  acute  scirrhus,  782 ; 
colloid,  782.    Other  tumours,  782. 


CONTENTS. 


XXV 


DISEASES  OF  THE  MALE  GENERATIVE  ORGANS. 
A. — The  Testicles. 

Malformations  and  Misplacements.— Imperfect  descent;  congenital  hernia, 
783.  Inflammations,  783;  acute  and  chronic  orchitis,  784.  Syphilitic 
disease,  785.  Tuberculosis,  785.  Tumours— Sarcoma  and  cysto-sar- 
coma,  786;  cancer,  786;  other  tnmours,  787. 

Hydrocele  and  hsematocele,  787.  Congenital  hydrocele,  788.  Sperma- 
tocele or  encysted  hydrocele,  788. 

B. — The  Penis  and  Scrotum. 

Ulcers  or  chancres,  Condyloma,  Cancer,  789.  Lymph-scrotum,  790,  HyiDer- 
tropliy  of  prostate,  790.    Concretions  in  prostate,  791. 

DISEASES  OF  THE  BONES  AND  JOINTS. 

A. — The  Bones. 

Introduction. — Structure  and  growth  of  bone.    Metaplasia,  793. 

EiCKETS. — Its  causes  in  mal-nutrition,  795;  artificial  production,  795.  Normal 
ossification  from  cartilage  and  periosteum,  796.  The  ossifying  cartilage 
in  rickets,  798.  The  periosteal  ossification,  800.  Deformities  of  the 
BONES  IN  RICKETS,  800;  of  the  long  bones,  chest,  vertebrte,  pelvis,  head 
(craniotabes),  802.    Recovery  from  rickets,  802. 

Osteomalacia,  804.  Causes,  804.  Forms  of  softening  of  the  bones,  804. 
Deformities  residting,  806. 

Inflammations  of  Bone — Changes  chiefly  in  the  soft  structures,  806.  Con- 
densing and  rarefying  osteitis,  807;  part  taken  by  osteoblasts  and  osteo- 
clasts, 807.  Caries,  808.  Absorption  of  bone,  809  ;  (Transplantation 
of  bone;)  process  of  absorption  of  dead,  809,  and  living  bone,  81 L  Heal- 
ing OF  FRACTURES,  811;  callus,  812.  Periostitis;  chronic  periostitis  fre- 
quently secondary,  812 ;  suppurative  or  malignant,  and  simple  acute 
periostitis,  813.    Osteomyelitis,  814. 

Necrosis  of  Bone.— Separation  of  dead  from  living,  814;  formation  of  new 
bone,  815.    Phosphorus-necrosis,  815. 

Syphilitic  Disease  of  Bones— Gumma,  with  periostitis,  816.  Hereditary 
syphilis,  changes  chiefly  in  long  bones,  817, 

Tubercular  Disease  of  Bones,  819, 

Spinal  Curvatures.— The  normal  structure  and  curves  of  the  spine,  820. 

Forms  of  curvature,  821.    Pott's  disease,  821.    Kyphosis,  822.  Lordosis, 

822.   Lateral  rotatory  curvature,  823. 
Tumours  of  Bone.— Osseous  tumours,  related  to  inflammation,  osteophytes, 

hyperostosis,  exostosis,  825.    Osteoid  chondroma,  826.     Sarcoma,  826; 

myelogenous,  826;  interstitial,  828;  and  periosteal,  828.    Cancers,  829. 

Cysts,  especially  of  the  jaws,  829. 


XXVI 


CONTENTS. 


B. — The  Joints. 

Dislocations  and  Misplacements. — Congenital  dislocatioii«,  830.  Talipes, 
congenital  and  acquired,  831;  its  forms,  831.  Traumatic  dislocations, 
832;  mode  of  occurrence,  833;  secondary  changes,  833.  Spontaneous  dis- 
locations, 833.    Anchylosis,  834. 

Inflammations  of  Joints,  834.  Simple  acute  arthritis,  835.  Pysemic 
arthritis,  836.  Acute  rheumatic  arthritis,  836.  Gouty  arthritis,  836. 
Chronic  rheumatic  arthritis  and  arthritis  deformans  (morbus  coxse  senilis), 
838.  Scrofulous  or  tubercular  arthritis,  839 ;  changes  in  synovial 
membrane,  ends  of  bones,  cartilage,  etc.,  839;  caries,  840. 

DISEASES  OF  THE  SKIN. 

Introduction. — Normal  structure,  841. 
HYPERiEMiA,  HEMORRHAGE  and  (Edema,  843. 

Eetrograde  Changes.— Simple  atrophy  of  skin,  844;  hairs  (alopecia,  canities), 
845;  and  nails,  846. 

Inflammations.— General  subject  illustrated  by  case  of  flea-bite,  846.  Caus- 
ation of  cutaneous  inflammations  and  connection  with  nervous  system, 
847.    Forms  of  cutaneous  inflammations.    I.  Symptomatic,  in  acute 
fevers,  848— small-pox  eruption,  a  typical  example,  849.    II.  Inflam- 
matory skin  eruptions,  850.    (1)  Erythema  and  roseola,  851.   (2)  Eczema 
in  its  various  forms,  851.    (3)  Psoriasis,  852.    (4)  Pityriasis  rubra,  853. 
(5)  Lichen  ruber,  853.    (6)  Prurigo,  853.    (7)  Pemphigus,  854.    (8)  Acne 
854;  its  connection  with  comedo,  854;  and  milium,  855;  acne  rosacea,  855. 
III.  Traumatic  and  non-infective  inflammatioos.    (1)  Burns  and  scalds, 
855;  in  their  three  degrees,  856;  collapse  after  burns,  857.    (2)  Frost- 
bite and  chilblain,  in  three  degrees,  857.    (3)  Boil  and  carbuncle,  858. 
(4)  Wounds  and  excoriations,  858.    (5)  Ulcers,  859.    IV.  Infective  m- 
flammations-  (1)  Lesions  from  cadaveric  poisons,  860.    (2)  Erysipelas, 
861      (3)  Phlegmonous  inflammations,  862;  (malignant  oedema,  862). 
(4)  Splenic  fever  or  malignant  pustule,  862.     (5)  Infective  tumours, 
especially  f ramboesia,  863. 
Syphilitic  Skin  AFFECTioNS.-Chancre,  864;  skm  eruptions,  864;  and 

gtimma,  865.  ,  . 

Tropho-neuroses.-(1)  Herpes,  its  anatomical  characters,  866;  caused  by 
lesions  of  nerves,  spinal  cord,  brain  (general  herpes),  86/.  (2)  Glossy 
skin,  867.  (3)  Morphoea  and  scleroderma,  868  (sclerema  neonatorum), 
869.    (4)  Acute  bed-sore,  869.  •  d-a 

Hypertrophies  and  TuMouRS.-Callosity,  870;  corn,  870;  ichthyosis,  8.0. 
Wart  and  horn,  871.    Keloid,  true  and  false,  871.   Soft  warts  and  moles, 

872  Molluscumcontagiosum,872.  Fibroma  moUuscum,  8/3.  Xanthoma, 

873  Elephantiasis,  873.  Sarcoma,  874.  Epithelioma  m  its  inhltmting, 
874;  and  flat  forms,  876;  (rodent  ulcer),  876.    Ordinary  cancer,  8  / , 

PARASITIC  Affections. -Favus,  878;  ringworm,  879;  pityriasis  versicolor, 
880.    Scabies,  880.    Larvae  of  insects,  881. 


LIST  OF  ILLUSTEATIONS. 


NO. 

1.  Blood  in  pernicious  anaemia, 

2.  Medulla  of  bone  in  pernicious  ansemia,  . 

3.  Endothelium  in  normal  capillaries, 

4.  Capillaries  in  isassive  hypersemia, 

5.  Crystals  of  hsematoidin  from  thrombus  in  vein, 

6.  Organization  of  blood-clot,  . 

7.  Diagram  of  embolism  of  end-ai-tery, 

8.  Embolic  infarction  of  kidney, 

9.  Infarction  of  kidney  undergoing  absorption, 

10.  Oil  embolism  of  king,  .... 

11.  Crystals  of  haematoidin  from  haemorrhage  in  brain, 

12.  Crystals  of  hwmin,  jjrepared  artificially, 

13.  Cells  containing  red  blood  corpuscles, 

14.  Serous  spaces  and  lymphatic  capillaries, 
1.5.  Injection  of  capillary  blood-vessels,  serous  spaces  and  lymphatic  capillaries, 

16.  Charcot's  crystals  in  leukasmia,  . 

17.  Bone-marrow  in  leukaemia, 

18.  Leukaemic  formations  in  liver, 

19.  Leucocytes  of  frog  containing  granules  of  vermillion, 

20.  Liver  in  melanaemia,  .... 

21.  Leucocyte  showing  amoeboid  movement, 

22.  Inflamed  human  omentum, 

23.  Fibrinous  exudation  in  pneumonia, 

24.  Blood-vessels  of  granulating  wound, 

25.  Granulation  cells  in  their  various  forms, 

26.  New-formation  of  blood-vessels  in  a  granulating  wound. 

27.  Semidiagrammatic  section  of  a  graniilatiug  wound, 

28.  Coagulation  necrosis  in  muscle,  . 

29.  Do.  do. 

30.  Necrosis  in  pyaemic  lesion  in  kidney, 

31.  Cloudy  swelling  in  renal  epithelium, 

32.  Fatty  degeneration  in  vessels  of  brain,  . 

33.  Fatty  degeneration  in  atheromatous  aorta, 

34.  Fatty  degeneration  in  cancer  cells, 

35.  Crystals  of  cholestearine, 

36.  Fatty  infiltration  of  voluntary  muscle,  . 

37.  Fatty  infiltration  of  hepatic  cells, 

38.  Colloid  degeneration  in  ovarian  cyst, 

39.  Calcareous  infiltration  in  a  tumour, 

40.  Calcareous  infiltration  of  cysts  of  trichina, 

41.  Calcareous  infiltration  of  middle  coat  of  artei-y, 

42.  Amyloid  disease  of  hver,  . 

43.  Amyloid  capillaries  of  livei-, 

44.  Corpora  amylacea, 

45.  Division  of  cells,  ..... 

46.  Elongation  and  curvature  of  tibia  from  hypersemia. 


XXVlll 


LIST  OF  ILLUSTRATIONS. 


NO. 

47.  Kegeneration  of  epithelium  in  cornea  of  rabbit, 

48.  Section  of  hard  chancre  (s3q3hilitic), 

49.  Gumma  of  kidney, 

50.  Gumma  of  liver,  .... 

51.  Portions  of  same  more  highly  magnified, 

52.  Miliary  tubercles  in  lung, 
63.  Tubercle  from  a  bronchial  gland, 

54.  Tubercle  in  artery  of  yia  mater,  . 

55.  Tubercular  ulcer  of  intestine, 
■  56.  Tubercular  bacillus, 

57.  Lung  in  bovine  tuberculosis, 

58.  Appearance  of  face  in  leprosy, 

59.  Elephantiasis  of  labia  majora, 

60.  Hyperostosis  of  bones  of  leg  in  elephantiasis, 

61.  Lipoma  in  wall  of  stomach, 

62.  Pendulous  lipoma  of  appendices  epiploicse, 

63.  Portion  of  hydatid  mole,  . 

64.  Microscopic  section  of  subcutaneous  myxoma, 

65.  Myxoma  of  nerve  stem,  . 

66.  Multiple  internal  enchondromata  of  fingers, 

67.  Spongy  exostosis  of  femm-, 

68.  Ivory  exostosis  of  frontal  bone  (internal  surface) 

69.  Multiple  exostoses  of  frontal  bone, 

70.  Microscopic  section  of  myoma,  stained,  . 

71.  Isolated  muscle  cells  from  a  myoma, 

72.  Calcareous  infiltration  in  a  myoma, 

73.  Amputation  neuroma, 

74.  Microscopic  section  of  a  neuroma, 

75.  Section  of  painful  subcutaneous  tumour, 

76.  Structure  of  same  after  maceration  in  nitric  acid 

77.  Section  of  skin  in  venous  nasviis, 

78.  Cavernous  angioma  of  liver, 

79.  Adenoma  of  mamma, 

80.  Psammoma,  .... 

81.  Formation  of  mucous  cysts, 

82.  Hydronephrosis  with  granular  atrophy  of  kidney, 

83.  Congenital  cystic  kidney, 

84.  Dropsy  of  Graafian  vesicles, 

85.  Papilloma  of  larynx, 

86.  Hair  follicle,  etc. ,  from  dermoid  cyst  of  ovary, 

87.  Eound-celled  sarcoma, 

88.  Spindle-celled  sarcoma,  . 

89.  Large  fungating  spindle-celled  sarcoma  of  foot, 

90.  Adenoid  sarcoma  of  mamma, 

91.  Giant-celled  sarcoma, 

92.  Stroma  of  soft  cancer, 

93.  Section  of  growing  margin  of  an  epithelioma, 

94.  Tubide  from  margin  of  cancer  of  kidney, 

95.  From  epithelioma  of  skin,  penetrating  cylinders 

96.  Cancer  cells  showing  fatty  degeneration, 

97.  Structure  of  flat-ceUed  epithelioma, 

98.  Structure  of  cylinder-celled  epithelioma, 

99.  From  scirrhus  of  mamma  showing  cells  and  stroma, 

100.  Cells  from  cancer  of  mamma, 

101.  Colloid  cancer,      .  .  .  • 

102.  Colloid  cancer,  changes  in  cells,  . 

103.  Colloid  cancer,  infiltrating  muscle, 

104.  Swarms  of  bacteria, 

105.  Bacteria  in  pus-corpuscles, 

106.  Two  forms  of  bacilli, 

107.  Tubercular  bacillus,         .  .       ,  * .  , 

108.  Blood  in  septictemia  of  mice  and  in  splenic  fevi 

109.  Vein  in  septiczemia  of  mice, 

110.  Pysemic  abscess  in  kidney, 

111.  Micrococci  in  capillary  of  kidney  in  pyajmia 


with 


signs  of 


irritation, 


er, 


LIST  OF  ILLUSTRATIONS. 


xxix 


NO. 

112. 

113. 

114. 

115. 

116. 

117. 

118. 

119. 

120. 

121. 

122. 

123. 

124. 

125. 

126. 

127. 

128. 

129. 

130. 

131. 

132. 

133. 

134. 

135. 

136. 

137. 

138. 

139. 

140. 

141. 

142. 

143. 

144. 

145. 

146. 

147. 

148. 

149. 

150. 

151. 

152. 

153. 

154. 

155. 

156. 

157. 

158. 

159. 

160. 

161. 

162. 

163. 

164. 

165. 

166. 

167. 

168. 

169. 

170. 

171. 

172. 

173. 

174. 

175. 

176. 


Bacillus  aiithi-acis  and  that  of  septictemia  of  mice, 
Villus  of  intestine  in  splenic  fever, 
From  same,  more  highly  magnified, 
Spirillum  Obermeieri,      .  .  ... 

TyiAoid^ bacillus,  ...... 

Micrococci  in  skin  in  erysipelas,  .... 

Bacteria  in  capillary  of  kidney  in  scarlet  fever, 
Sarcinae  ventriculi  in  vomited  matter,    .  .  . 

Aerial  growth  of  penicillium,  .... 

Formation  of  conidia  in  submerged  j)ortion  of  same, 
Fimgus-growth  in  kidney,  .... 

Hair  containing  spores  of  fungus  from  ringworm, 
Leptothrix  buccalis,  ..... 

Oidium  albicans  in  thrush,  .... 

Distoma  hepaticum,  ..... 

Distoma  sinense,  ...... 

Taenia  solium,  head,  ..... 

Taenia  solium,  unripe  proglottis, 
The  globular  body,  or  Mellis's  body. 
Taenia  solium,  branching  of  uterus, 
Taenia  solium,  fully  developed  uterus,  . 
Tasnia  solium,  ova. 
Taenia  solium,  cysticerci  in  muscle. 
Taenia  solium,  head  of  cysticercus  cellulosae, 
Taenia  solium,  development  of  cysticercus, 
Taenia  solium,  hooks  of  cysticercus, 
Hooks  of  echinococcus,    .  .  . 

Taenia  solium,  movements  of  head  in  intestine. 
Taenia  mediocanellata,  head,  extended  and  contracted, 
Taenia  mediocanellata,  unripe  proglottis, 
Tffiuia  mediocanellata,  ripe  proglottis,  . 

Taenia  echinococcus,  adult  or  strobila,  .... 
Tffinia  echinococcus,  diagram  of  development  of  brood-capsules. 
Taenia  echinococcus,  brood-capsules, 

Taenia  echinococcus,  chitinous  membrane  of  old  hydatid  cyst, 
Bothriocephalus  latus,  natural  size, 
Bothriocephalus  latus,  head  and  part  of  body,  .  ! 
Bothriocephalus  latus,  proglottis  showing  female  organs. 
Trichina  spiralis  in  muscle,  .... 
Filaria  sanguinis,  embryo  with  sac,        .  '. 
Filaria  sanguinis  as  seen  in  drop  of  blood,        .  '. 
Defect  of  inter- ventricular  septum,        .  .  [ 

Congenital  adhesion  of  curtains  of  pulmonary  valve. 
Congenital  malformation  of  aortic  valve,  two  curtains," 
Exaggerated  fenestration  of  aortic  valve,  approach  to  condition  of 
Hypertrophy  of  left  ventricle,  . 
Hypertrophy  of  right  ventricle,  .  .  . 

Fatty  degeneration  of  the  heart,  low  power. 
Fatty  degeneration  of  the  heart,  higher  power. 
Calcareous  infiltration  of  muscular  tissue  of  heart, 
Calcareous  infiltration  of  muscular  tissue  of  heart,'  other  form 
Aortic  valve  in  acute  endocarditis,  warty  vegetations 
Mitral  valve  in  chronic  endocarditis. 
Ulcerative  endocarditis,  section  of  edge  of  valve 
Ulcerative  endocarditis,  lesion  in  kidney,  .' 
Soldier's  spot  on  pericardium,     .  ,  "  ' 

Aneurism  of  valve,  diagram  of  formation,  '. 
Diagram  of  funnel-shaped  deformity  of  mitral  valve 
Diagram  of  aortic  insuflficiency,  .  ,  '  ' 

Globular  thrombi  in  left  ventricle, 
Longitudinal  section  of  artery  at  seat  of  ligature 
Atheroma  of  aorta,  .  .  . 

Atheroma  of  femoral  artery,       '  "  *  ' 


PAGE 

253 
253 
254 
255 
256 
257 
258 
265 
266 
267 
268 
270 
271 
271 
273 
273 
275 
275 
276 
276 
277 
277 
278 
278 
279 
279 
280 
280 
281 
281 
281 
282 
283 
284 
285 
286 
286 
287 
288 
293 
294 
301 
303 
305 

cuspid  valve,  306 


XXX 


LIST  OF  ILLUSTRATIONS. 


NO. 

177. 
178. 
179. 
180. 
181. 
182. 
183. 
184. 
185. 
186. 
187. 
188. 
189. 
190. 
191. 
192. 

193. 
194. 
195. 
196. 
197. 
198. 
199. 
200. 
201. 
202. 
203. 
204. 
205. 
206. 
207. 
208. 
209. 
210. 
211. 
212. 
213. 
214. 
215. 
216. 
217. 
218. 
219. 
220. 
221. 
222. 
223. 
224. 
225. 
226. 
227. 
228. 
229. 
230. 
231. 
232. 
233. 
234, 
235. 
236, 
237, 
238, 
239 
240, 


Normal  cerebral  artery,  .... 
Endarteritis  obliterans,  .... 
Calcareous  infiltration  of  middle  coat  of  artery. 
Calcareous  infiltration  of  middle  coat  of  artery. 
Syphilitic  arteritis,  .... 
Aneurism  with  tunnelled  clots  at  openings  of  branches 
Section  of  dissecting  aneurism,  , 
Haemorrhoids  of  rectum,  .... 
Section  of  normal  lymphatic  gland. 
Section  of  normal  spleen,  .... 
Section  of  sago  spleen,  .... 
Diffuse  amyloid  disease  of  spleen, 
Transverse  section  of  a  nerve, 
Medullated  nerve  fibres,  .... 
Transverse  section  of  a  neuroma, 

Sections  of  spinal  cord  from  cervical  and  lumbar  swellings,  showing  groups  of 

ganglion  cells,  .  .  . 

Similar  section  from  dorsal  region. 
Cervical  enlargement  showing  arrangement  of  fibres. 
Medulla  oblongata  at  various  levels. 
Grey  degeneration  or  sclerosis  of  cord,  . 
Descending  grey  degeneration  in  medulla  and  cord, 
Ascending  and  descending  degeneration  in  cord. 
Amyloid  bodies  from  cord. 

Posterior  sclerosis  in  early  stage,  limited  extension. 
Anterior  poliomyelitis  on  one  side. 
Cord  in  progressive  muscular  atrophy,  . 
Medulla  oblongata  at  level  of  fourth  ventricle,  . 
Muscle  in  pseudo-hypertrophic  paralysis,  . 
Cervical  enlargement  in  pseudo-hypertrophic  paralysis 
Lumbar  enlargement  from  the  same. 
Section  of  pons  varolii,     "    ,  ,  .• 
Horizontal  section  of  brain  of  child. 
Lateral  aspect  of  cerebral  hemisphere,  . 
Internal  aspect  of  cerebral  hemisphere,  . 
Arteries  of  brain  showing  cortical  distribution. 
Pons  in  descending  grey  degeneration,  . 
Atheroma  of  small  cerebral  artery,        .  • 
Sacculated  miliary  aneurism  of  nutritive  artery. 
Fusiform  miliary  aneurism,        •,    ,  ,  "       ,  ' 
Crystals  of  hiematoidm  from  cerebral  haemorrhage, 
Fattv  degeneration  of  vessels  in  cerebral  softening 
Blood-velsel  surrounded  by  leucocytes  from  medulla  oblongata 
From  parotid  gland  in  hydrophobia. 
From  a  glioma  of  the  brain,        .  •    .    .  ;. 

Arteries  of  the  pia  mater  in  tubercular  meningitis. 

Section  of  spina  bifida,     .  •  •  • 

Papilloma  of  larynx,        .        .  '     ,  ' 

Section  of  lung  in  early  stage  of  emphysema,  . 
Perforation  of  alveolus  in  emphysema,  . 

Lung  alveolus  from  a  hasmorrhagic  infarction,  . 

Fat-embolism  of  lung,      .  •       .  •  '  „• 

Cast  of  infundibulum  and  air  vesicles  m  pneumonia. 

Alveolus  filled  with  fibrine  and  a  few  leucocytes  m  pneumoma 

Lung  in  grey  hepatization,         .  •  • 

Chronic  pneumonia,        .  •  •  • 

Tubercular  ulcer  of  bronchus,  . 

Lung  in  caseous  form  of  phthisis,    _  . 

Lung  tissue  from  sputum  in  phthisis,  . 

Embolic  cancer  of  lung,    .  •  ■  • 

The  same  showing  epithelial  masses,      .         ;  • 

Sputum  with  carbonaceous  particles  from  anthracosis, 

Oidium  albicans  or  thrush-fungus, 

Spction  of  syphilitic  chancre  of  hp,        •  • 

Section  of  tSth,  showing  caries  and  secondary  dentine. 


PAGE 
357 

358 
300 
300 
302 
308 
373 
377 
381 
388 
388 
395 
401 
401 
400 

407 
408 
409 
411 
412 
413 
416 
421 
421 
427 
430 
431 
433 
434 
435 
436 
438 
440 
442 
443 
445 
447 
454 
454 
456 
458 

in  hydrophobia,  465 


LIST  OF  ILLUSTRATIONS.  XXxi 

NO.                                                                                                                 •  J'AGE 

241.  Perforating  ulcer  of  the  cesophagns,       ......  589 

242.  Large  polypoid  myoma  of  the  oesophagus,         .....  590 

243.  Dilatation  of  the  stomach,          .......  594 

244.  Twisting  of  the  intestine,           .......  613 

245.  Large  cyst  of  vermiform  appendage,       ......  619 

-246.  Typhoid  bacillus,  .........  623 

247.  Peyer's  patch  in  typhoid  fever,   .......  624 

248.  Typhoid  Peyer's  patch,  diagrammatic  representation,  ....  625 

249.  Tubercular  vilcer  of  the  intestine,           ......  627 

250.  Tubercular  ulcer,  microscopic  section,    ......  628 

251.  Cylinder-celled  epithelioma  of  rectum,   ......  629 

252.  Passive  hyijera3mia  of  the  liver,  .......  637 

253.  Fatty  infiltration  of  liver,  general  view,  ......  640 

254.  Fatty  infiltration  in  isolated  hepatic  cells,         .....  641 

255.  Acute  yellow  atrophy  of  liver,     .......  643 

256.  Cirrhosis  of  liver,  early  stage,     .......  647 

257.  Advanced  cirrhosis  of  liver,         .......  649 

258.  Gumma  of  liver,    .  .  .  .  .  .  .  .  .652 

259.  Miliary  tubercle  in  liver,  ........  653 

260.  Cavernous  angioma  of  liver,        .......  654 

261.  Secondary  cancer  of  liver,           .......  656 

262.  Disseminated  cancer  of  the  peritonevtm,            .....  675 

263.  Section  of  normal  kidney,           .......  678 

264.  Diagram  of  covu-se  of  uriniferous  tubules,         .....  679 

265.  Horse-shoe  Iddney,          .          .          .          .          .          .          .          .  681 

266.  Embolic  infarction  of  kidney,      .......  685 

267.  Glomerulo-nephritis,  exudation  of  leucocytes,   .          .          ...          .  689 

268.  Glomerido-nephritis,  haemorrhage,         ......  690 

269.  Glomerulo-nejDhritis,  increase  of  epithelium,     .....  690 

270.  Glomerulo-nephritis,  great  increase  of  epitheliiim,       ....  691 

271.  Large  white  kidney,  microscopic  appearances,    .....  693 

272.  Normal  kidney  for  comparison,   .          .          .          .       '  .          .          .  693 

273.  Interstitial  nephritis,  sclerosis  of  glomerulus,    .....  695 

274.  Section  of  contracted  kidney,  showuig  contortion  of  structures,         .          .  696 

275.  Normal  kidney  for  comparison,   .......  697 

276.  Endarteritis  obliterans  in  contracted  kidney,     .....  698 

277.  Arteries  of  pia  mater  in  chronic  Bright's  disease  and  normal  case,      .          .  703 

278.  Septic  embolism  of  kidney,         .......  708 

279.  Micrococci  in  capillary  of  kidney  in  pyaemia,     .....  709 

280.  Bacteria  in  capillary  of  kidney  in  scarlet  fever,            ....  709 

281.  Cloudy  swelling  of  renal  epithelium,      ......  712 

282.  Amyloid  degeneration  affecting  basement  membrane  of  uriniferoiis  tubules,  .  714 

283.  Amyloid  and  contracted  kidney,  .......  714 

284.  Kidney  in  hydronephrosis,          .......  719 

285.  Cystoid  degeneration  of  the  kidney,       ......  721 

286.  Uriniferous  tubule  at  border  of  advancing  cancer,        ....  723 

287. ^  Stratified  chitinous  membrane  from  hydatid  cyst  of  kidney,    .          .          .  724 

288. "  Large  diverticulum  of  the  urinary  bladder,       .....  727 

289.  Tuberculosis  of  the  bladder,        .......  729 

290.  Rudimentary  uterus,        .          .          .          .          .          .          .  733 

291.  Uterus  bicornis,  733 

292.  Uterus  unicornis,  .........  739 

•  293.  Polypoid  hematoma  of  the  uterus,        .       "  .          .          .          .          .  752 

294.  Section  of  myoma  of  uterus  showing  nuclei,      .....  754 

295.  Myoma  with  calcareous  infiltration,        ......  755 

296.  Cancer  of  uterus,  infiltratmg  musciUar  wall,     .          .          .          .          .  756 

297.  Cancer  of  uterus  and  vagina,  naked  eye  appearance,     .          .         .          .  757 

298.  Cauliflower  cancer  of  uterus,  758 

299.  Cystic  formation  in  ovary  from  dilatation  of  Graafian  vesicles,          !          '.  762 

300.  Tuberculosis  of  Fallopian  tubes,  .......  762 

301.  Glandular  tissue  in  wall  of  ovarian  cyst,           .          .          .          .          .  704 

302.  The  same  showing  goblet  cells,    .......  764 

^^3.  From  wall  of  ovarian  cyst,  showing  smaller  cysts,         .          .          .          .  765 

I^K  ^'^^^     dermoid  cyst,  showing  sebaceous  glands,  .  ,  .  .768 

-($05.  Hair  and  appendages  from  wall  of  dermoid  cyst,          ....  769 


xxxii 


LIST  OF  ILLUSTRATIONS. 


NO. 

306.  Diagrammatic  view  of  uterus  and  appendages,  . 

307.  Section  of  adenoma  of  mamma,  ..... 

308.  Adenoid  sarcoma  of  mamma,  ..... 

309.  Dilated  glandular  spaces,  and  intra-cystic  growth  in  cysto-sarcoma  of  mamma, 

310.  Cartilage  from  sarcoma  of  mamma,  .... 

311.  Section  of  scirrhus  of  mamma,  ..... 

312.  Cells  from  scirrhus  of  mamma,  ..... 

313.  Section  of  fractured  rib,  showing  new  formed  connective  tissue,  cartilag 

and  bone, 

314.  From  same,  showing  continuity  of  cartilage  and  bone, 

315.  Normal  ossification  from  cartilage,  .... 

316.  Longitudinal  section  of  ossifying  margin  in  rickets, 

317.  Bone  in  osteomalacia,       .  •  •  •        .  • 

318.  New-formation  of  bone  in  connection  with  inflammation, 

319.  Bone  in  process  of  absorption  showing  Howship's  lacunse,  ^ 

320.  From  same,  showing  giant-cells  (osteoclasts)  and  Howship  s  lacunse 

321.  Hyperostosis  of  bones  of  leg  in  elephantiasis,  . 

322.  Rotation  of  vertebrae  in  lateral  curvature,        .  .  • 

323.  Section  of  chest  in  lateral  curvature,  compared  with  normal,  . 

324.  Multiple  exostoses  in  bones  of  leg,  .... 

325.  Osteoid  chondroma, 

326.  Cyst  of  head  of  fibula,     .         .  •  .  • 

327.  Urate  of  sodium  in  the  articular  cartilage  m  gout, 

328.  Section  of  normal  skin,  epidermic  layer  and  hair, 

329.  Section  of  small-pox  pustule  of  skin,      .  _        •  • 

330.  Section  of  small-pox  eruption  with  necrosis,      .  • 

331.  Micrococci  in  pus  corpuscles  from  cadaveric  pustule,  . 

332.  Skin  in  erysipelas,  micrococci  in  lymph-spaces, 

333.  Section  of  skin  in  frambcesia,      •  • . 

334.  Epithelioma  with  penetration  of  epidermis, 

335.  Epithelioma  showing  laminated  capsules,  etc.,  .•  •  : 

336.  Epithelioma,  showing  ingiowing  processes  and  irritation  ot  skm, 

337.  Achorion  Schoenleinii  from  favus,        .  .  •  • 

338  Tricophyton  tonsurans  in  a  hair  from  ringworm, 

339  Microsporon  furfur  from  Pityriasis  versicolor,  . 


A  MANUAL  OF  PATHOLOGY. 


INTRODUCTION. 


T)ATHOLOGY  may  be  defined  as  the  study  of  diseases  not  in 
their  manifestations  merely  but  in  their  essential  nature.  There 
are  various  conditions  met  with  from  day  to  day  which  we  name  diseases. 
They  produce  certain  alterations  in  the  feehngs  of  the  person  affected 
which  induce  him  to  say,  He  is  not  well,  and  they  in  many  cases 
lead  to  changes  in  the  condition  of  the  bodily  frame  which  can  be 
actually  observed  by  the  physician,  and  may  enable  him  to  come  to  a 
conclusion  as  to  the  actual  disease  which  is  present.  These  subjective 
phenomena  and  those  objective  signs  are  mere  indications  of  the  pres- 
ence of  something  which  Ave  call  the  disease  or  morbid  process ;  and  it 
is  surely  incumbent  on  every  one  who  undertakes  to  treat  disease,  not 
to  content  himself  with  a  knowledge  of  its  manifestations  merely,  but 
to  satisfy  himself  as  to  its  real  nature. 

And  here,  at  the  very  outset  of  our  study  of  Pathology,  it  is  to  be 
remarked  that  we  have  to  do  with  diseases,  not  disease  in  the  abstract. 
There  are  certain  definite  conditions  which  the  body  presents,  and  which 
are  recognized  as  morbid  states,  or  conditions  different  from  those  of 
health,  and  our  object  is  to  find  out  what  is  the  nature  of  these  morbid 
states.  Endless  discussions  might  be  raised  as  to  the  nature  and  causes 
of  disease  in  the  abstract ;  but  we  shall  arrive  at  much  more  reliable 
conclusions  if  we  study  the  individual  states  of  disease  and  leave  those 
more  general  discussions  aside. 
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Without  going  into  any  general  discussion  as  to  the  nature  of  disease 
as  a  whole,  there  is  one  subject  which  here  calls  for  some  consideration, 
namely,  the  relation  of  diseased  to  healthy  conditions.  Physi- 
ology is  the  study  of  the  body  and  its  actions  in  health,  and  it  is  not 
to  be  supposed  that  in  disease  these  physiological  processes  suddenly 
cease.    So  far  as  the  diseased  condition  is  concerned,  these  processes 
are  modified,  and  they  must  be  studied  under  the  altered  circumstances; 
but  in  the  study  of  each  pathological  condition  the  physiological  must 
be  taken  as  the  basis.    A  knowledge  of  physiology  is  the  necessar}- 
preliminary  to  the  study  of  Pathology.    It  may  be  said,  indeed,  that 
the  pathological  processes  are  merely  the  physiological  ones  altered. 
In  disease  there  is  something  disturbing  the  natural  processes,  and 
there  is  an  endeavour,  as  it  were,  on  the  part  of  the  body  to  get  over 
the  disturbance,  and  the  phenomena  of  the  disease  are  not  infrequently 
the  expression  of  the  resistance  which  the  natural  processes  present  to 
the  disturbing  element.    These  normal  processes  must  be  taken  nito 
iiccount  therefore,  and,  as  we  shall  see  further  on,  the  physiological  laws 
are  really  in  essence  identical  with  the  pathological. 

We  have  to  study  the  nature  of  diseases,  and  this  will  bring  us  into 
close  connection  with  their  causes.  Much  has  been  written  concerning 
the  causes  of  disease  in  general,  and  much  that  is  valuable,  but  this 
study  of  itself  would  be  almost  sufficient  to  fill  a  volume.  It  will  l)e 
<3nough  here  if  we  consider,  as  each  disease  comes  under  review,  whether 
it  is  traceable  to  any  definitely  distinguishable  cause  or  causes.  In 
some  acute  febrile  diseases,  we  are  al^le  to  predicate  the  existence  of 
viruses,  and  even  the  nature  of  some  of  these  viruses  is  to  some  extent 
known.'  Whatever  is  known  as  to  the  cause  of  diseases  will  assist  in 
elucidating  their  nature. 

In  the  study  of  diseases  in  their  nature,  there  are  three  main 
sources  from  which  assistance  is  to  be  obtained;  one  may  be  desig- 
nated Experimental  Pathology,  another  Pathological  Anatomy, 
und  the  third  Clinical  Observation.  John  Hunter  may  be  sai.l 
to  have  laid  the  foundation  of  experimental  pathology.  So  far  as 
it  can  be  prosecuted,  this  mode  of  study  is  calculated  to  afford  ns 
the  most  directly  trustworthy  information  as  to  the  nature  of  dis- 
eases and  much  of  the  advance  in  modern  pathology  is  due  to  this 
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line  of  study.  If  we  can  actually  induce  a  given  disease  in  an  animal, 
we  ha^•e  found  out  much  as  to  its  causation,  and  are  in  the  way  of 
finding  out  much  as  to  its  nature.  In  some  cases  we  are  able  actually 
to  observe  the  morbid  processes  in  the  living  animal.  Or,  we  can  kill 
the  animal  at  various  periods  after  the  onset  of  the  disease,  and  observe 
the  results  at  various  stages.  We  can  vary  the  experiment  in  different 
ways  so  as  to  eliminate  on  one  side  and  another  the  various  elements, 
and  so  reduce  the  problem  to  its  simple  and  necessary  parts.  Experi- 
mental pathology  has  carried  us  far  towards  understanding  many  of  the 
conditions  in  disease.  Eeference  need  only  be  made  to  the  reformatiojis 
which  this  hne  of  study  has  effected  in  our  knowledge  of  Inflammation, 
Embolism,  Tuberculosis. 

The  study  of  morbid  anatomy  is  not  likely  to  effect  such  revolutions 
in  Pathology  as  experimental  pathology,  but  in  the  training  of  the  indi- 
vidual medical  student  it  is  calculated  to  play  an  even  more  important 
part  in  giving  him  an  understanding  of  the  nature  of  the  diseases  he  has 
to  deal  with.  Morbid  anatomy  gives  us  the  physical  changes  which 
disease  produces  in  the  body.  These  changes  are,  as  it  Avere,  the  ex- 
pression of  the  pathological  processes,  and  are  only  to  be  regarded  as 
indications  of  the  existence  of  these  processes.  It  is  prol:)able  that  all 
morbid  processes  produce  changes  in  structure,  although  the  changes 
may  elude  our  observation.  For  the  most  part,  however,  we  are  able 
to  associate  the  change  of  structure  with  the  morbid  process,  and  the 
observed  change  leads  us  up  to  the  actual  nature  of  the  disease.  In 
fact,  the  nature  of  disease  might  be  studied  on  the  basis  of  the  morbid 
structure,  advantage  being  taken  also  of  all  information  from  the  si<le 
of  experimental  pathology  and  clinical  observation. 

Morbid  Anatomy  is  the  study  of  the  structural  changes  in  all  periods 
iind  stages  of  the  disease.  It  is  sometimes  objected  to  this  mode  of 
■study  that  in  observing  the  state  of  the  tissues  after  death  we  see  only 
the  last  stages  of  disease,  and  in  some  cases  only  the  results.  This 
however,  is  not  the  case.  Every  clinical  observer  will  admit  that  in  the 
same  disease  the  fatal  issue  occurs  in  different  cases  under  the  most 
diverse  circumstances.  Death  ensues,  as  a  rule,  when  bv  reason  of 
defective  nutrition,  or  a  deficiency  in  the  supply  of  oxygenated  blood 
mainly  by  interference  with  the  respiration,  the  functions  of  the  body 
can  no  longer  be  carried  on.    Now  there  is  in  different  individuals  an 
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infinite  variety  in  the  vigour  of  the  vital  processes,  so  that  a  condition 
which  in  one  will  very  slightly  affect  the  essential  phenomena  of  life, 
will,  in  another,  seriously  compromise  them.  This  is  an  experience  of 
our  every-day  Hfe.  And  so  it  happens  that  patients  die  in  all  stages  of 
disease.  Even  in  the  same  case  we  are  often  able  to  study  the  various 
changes  in  their  different  stages. 

As  an  illustration  of  what  is  meant,  take  the  case  of  pneumonia 
or  acute  inflammation  of  the  lungs.    Patients  die  in  this  disease,  as 
a  rule,  from  failure  of  the  heart  and  consequent  cessation  of  the 
circulation;  but  the  paralysis  of  the  heart  is  not  related  solely  to 
the  condition  of  the  lungs.    It  is  often  much  more  closely  related  to  the 
elevation  of  temperature  which  is  to  be  traced  to  changes  in  the  nervous 
system,  while  the  powers  of  resistance  of  the  heart  in  each  person  are  an 
important  element  in  the  matter.    And  so  it  happens  that  one  man  will 
die  with  a  limited  and  advancing  pneumonia,  while  another  will  survive 
through  a  very  extensive  condensation.    The  lung  at  death  in  the  one 
case  is  in  the  same  stage  of  the  disease  as  in  the  other  at  a  certain  date 
during  life.    We  can  study  the  nature  of  the  disease  in  the  former  and 
we  are  surely  warranted  in  assuming  that  in  the  patient  who  survived 
the  state  of  the  lung  is  virtually  identical  mth  that  of  the  patient  who 
died. 

Again,  in  a  carcinoma  growing  up  to  death,  we  have,  at  the  growing 
margins  of  the  tumour,  changes  which  are  the  same  as  those  by  which 
the  tumour  has  all  along  been  extending,  and  we  can  study  the  methods 
of  its  growth  as  well  as  its  relations  to  the  structures  in  which  it  has 
been  growing. 

Thus  it  is  that,  although  mori)id  anatomy  by  itself  may  in  some  cases 
throw  little  light  on  the  nature  of  the  disease,  yet,  taken  as  an  expres- 
sion of  the  morbid  process,  it  is  of  the  highest  value.  It  may  be  added 
that  as  similar  processes  must  have  similar  changes  as  their  correlatives, 
we  may  take  these  changes  as  a  kind  of  test  of  the  existence  of  the 

processes.  i,  i.  +1, 

In  referring  to  processes  and  changes  it  must  be  understood  that  the 
finer  structure  of  the  body  is  taken  into  account.  In  Pathological 
Anatomy,  we  include  Pathological  Histology,  and  it  may  indeed  be 
said  that,  as  the  coarser,  naked-eye  appearances  are  merely  the  expres- 
of  the  finer  structural  details,  so  we  shall  not  understand  the  former 
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unless  we  are  able  to  refer  them  to  the  latter.  We  can  have  no  accurate 
idea  of  the  proper  structure  of  the  normal  liver  by  simply  looking  at  it 
with  the  naked  eye,  and  we  can  have  little  insight  into  its  morl^id  con- 
ditions by  the  same  method  of  observation.  The  morbid  conditions, 
however,  do  generally  cause  changes  in  the  naked-eye  appearances,  and 
this  is  of  great  consequence  as  enabling  us,  when  roughly  examining  an 
organ,  to  infer  that  its  structui^e  is  changed.  But  these  macroscopic 
appearances  are  only  useful  when  they  are  used  to  throw  light  on  the 
MICROSCOPIC  changes  or  to  direct  attention  to  them.  The  really  im- 
portant processes,  are  those  which  concern  the  finer  elements  of  the 
tissues,  and  so  it  is  to  these  that  we  shall  chiefly  attend  in  studying  the 
various  forms  of  disease. 

Clinical  observation  is  of  great  importance  in  the  study  of  pathology, 
and  that  in  various  ways.  If  what  has  been  stated  above  be  correct, 
then  it  is  the  processes  occurring  during  life  that  are  the  real  subject  of 
study  in  pathology,  and  it  is  only  by  careful  clinical  observation  that 
we  are  able  to  get,  as  it  were,  into  close  relations  with  these  processes 
during  their  actual  currency.  Clinical  Observation  and  Pathological 
Anatomy  should  thus  be  taken  as  mutually  elucidating  each  other,  and 
as  working  together  towards  just  conceptions  as  to  the  nature  of  the 
conditions  concerned. 

There  is  another  aspect  in  which  clinical  observation  is  of  importance 
in  relation  to  pathology.  The  pathologist,  if  conversant  only  with  mor- 
bid anatomy  and  experimental  pathology,  is  apt  to  form  a  too  mechani- 
cal and  simple  conception  of  the  processes  involved,  and  is  likely  to 
theorize  on  the  basis  of  a  too-limited  view  of  the  subject.  Clinical  Ob- 
servation is  a  needed  corrective  to  this,  bringing  the  pathologist  back  to 
the  practical  aspects  of  the  matter,  and  checking  the  tendency  to  theo- 
rize by  the  discipline  of  facts. 

In  the  systematic  treatment  of  the  various  forms  of  disease,  the  plan 
adopted  has  been  to  take  up  first  the  diseases  in  their  general  aspects 
and  afterwards  the  diseases  of  the  special  organs  and  systems  The 
work,  therefore,  divides  itself  naturally  into  a  General  Part  and  a 
Special  Part. 

In  the  General  Part  will  be  taken  up  those  diseases  Avhich  are  not 
confined  to  any  organ  or  tissue ;  most  of  them,  indeed,  may  affect  any 
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orgiui  of  the  body.  In  this  part  are  inchided  the  following  su1)jects: — 
The  Aftections  of  the  Circulation  and  of  the  Blood,  Inflammation, 
Retrograde  Changes,  Hypertrophy  Repair  and  Regeneration,  Infective 
Tumours,  Tumours  proper,  and  Parasites.  In  order  to  make  this  general 
part  complete  the  subject  of  Malformations  should  be  included.  A\'ith 
the  general  subject  of  Malformations,  however,  the  author  has  little 
practical  acquaintance,  and  he  has  thought  it  better  to  leave  it  to  special 
works  on  that  subject. 

In  the  Special  Part,  the  diseases  as  they  manifest  themselves  in  the 
individual  organs  and  tissues  will  be  considered.  It  is  clear  that  the 
diseases  described  in  the  General  Part  will  again  come  under  review  in 
each  division  of  the  Special  Part,  and  they  will  be  taken  up  very  much 
in  the  same  order  as  in  the  General  Part.  But  each  disease  presents 
various  specialties  according  to  its  locality,  and,  from  a  practical  point 
of  view,  it  is  important  to  understand  the  modifications  thus  occurring. 
The  Special  Part  will  be,  in  a  certain  sense,  an  expansion  and  amplified 
illustration  of  the  general  principles  educed  in  the  General  Part. 


PART  FIRST.— GENERAL  DISEASES. 


AFFECTIONS  OF  THE  CIRCULATION  AND  OF 

THE  BLOOD. 

TTTE  have  here  two  somewhat  diverse  conditions  to  consider,  namely, 
'  '  the  abnormal  variations  in  distrilnition  of  the  blood,  and  the 
changes  in  its  actual  condition.  In  regard  to  distribution  we  may  have 
too  much  or  too  little  blood  in  the  vessels,  or  the  blood  or  its  constitu- 
ents may  get  outside  the  vessels.  On  the  other  hand,  the  blood  may 
undergo  changes  in  its  constitution,  or  it  may  change  its  condition  by 
coagulating  inside  the  vessels. 

In  order  to  understand  what  is  to  follow  it  will  be  necessary,  in  the 
fii  st  place,  to  refer  briefly  to  certain  points  in  the  physiology  of  the 
(CIRCULATION.  If  we  are  to  study  alterations  in  the  distribution  of  the 
blood,  then  we  must  have  in  our  minds  clear  ideas  as  to  the  arrange- 
ments by  which  the  normal  distribution  is  regulated.  In  the  distribu- 
tion of  the  blood  the  capillaries  and  veins  may  be  regarded  as  virtually 
passive  channels.  They  are  able  to  accommodate  more  or  less  blood 
according  to  circumstances,  but  of  themselves  they  have  probably  little 
to  do  with  the  variations  in  the  supply.  It  is  obvious  that  the  supply 
of  l)lood  to  the  tissues  varies,  chiefly  according  to  their  needs;  the 
working  brain  or  muscle  requires  and  gets  a  fuller  and  more  rapid  supply 
of  blood  than  when  at  rest.  Although  there  may  be  some  assistance  to  the 
circulation  by  the  attraction  to  the  tissues  of  needed  material,  yet  essenti- 
ally the  supply  is  regulated  by  the  arteries;  when  they  dilate  more'  blood 
passes  into  the  capillaries  and  on  to  the  veins,  and  when  they  contract 
less  l)lood  reaches  the  capillaries  and  veins.  We  may  regard  the 
arteries  as  regulating  the  supply  of  blood,  the  capillaries  as  distributing 
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the  blood,  bringing  it  within  reach  of  the  elements  of  the  tissues,  and 
the  veins  and  lymphatics  as  carrying  it  off.  The  amount  of  blood 
admitted  by  the  arteries  depends  on  the  state  of  contraction  or  relaxa- 
tion of  the  muscular  fibres  in  the  middle  coat,  and  this,  like  all  other 
muscular  actions,  is  under  the  command  of  the  nervous  system.  When 
the  vaso-motor  nerves  are  stimulated  the  muscular  coat  contracts,  Avhen 
these  nerves  are  paralysed  it  relaxes,  and  when  a  moderate  amount  of 
stimulus  is  supplied,  then  we  have  that  state  of  slight  contraction  to 
which  the  name  of  tonicity  is  applied. 

Much  attention  has  been  bestowed  on  the  exact  nervous  relations  of 
the  middle  coat  of  arteries.    There  is  no  doubt  that  it  is  under  the 
influence  of  centres  situated  in  the  cerebro-spinal  axis,  but  there  is 
reason  to  believe  that  there  are,  as  well,  in  or  near  the  walls  of  the 
arteries,  peripheral  ganglia,  Avhich  are  the  immediate  regidators  of  their- 
calibre.    The  heart  is  often  compared  with  arteries  in  its  structure,  and 
we  know  that  it  possesses  intrinsic  ganglia.    By  means  of  these  ganglia 
it  is  able  to  persist  in  its  contractions  after  separation  from  all  higher 
centres  or  even  when  cut  out  of  the  body.    We  know,  also,  that  the 
higher  centres  influence  these  ganglia  in  two  ways,  either  by  stimulating 
them  (through  the  sympathetic)  or  by  inhibiting  them  (through  the 
vagus).    In  the  arteries  Ave  see  someAvhat  similar  phenomena.  ^^Tien 
arteries  are  cut  off  from  all  central  connections  they  are  still  capable  of 
varying  their  calibre.    If  the  sciatic  nerve  in  a  frog  is  divided  the 
arteries  indeed  dilate,  but  after  a  time  they  resume,  at  least  partially, 
their  state  of  tonicity  and  are  capable  of  still  further  A-ariations.  Again, 
an  excess  of  carbonic  acid  in  the  blood  Avill  ftause  arteries  to  contract 
after  all  their  central  connections  have  been  severed,  and  they  may  be 
made  to  dilate  by  means  of  chloral  or  atropine.    It  is  well  known  that 
irritation  of  the  vaso-motor  nerves  causes  contraction  of  the  arteries,  and 
this  is  readily  enough  understood  without  supposing  the  existence  of  peri- 
pheral ganglia,  but  it  has  now  been  shoAvn  that  the  arteries  may  be  caused 
to  dilate  by  the  stimulation  of  nerves  passing  to  them,  and  this  can  only 
be  by  means  of  local  ganglia.    It  is  knoAvn,  for  instance,  that  dilatation 
of  the  arteries  of  the  saHvary  gland  may  be  produced  by  irritation  of 
certain  nerves  passing  to  them,  and  so  is  it  with  the  vessels  of  the  penis. 
Lately  it  has  been  shown  that  the  arteries  of  the  skin  may  be  thus 
caused  to  dilate.    In  these  cases  the  nervous  influence  paralyses  the 
local  ganglia.    In  studying  inflammation  we  shall  see  still  further  ju-oof 
of  the  existence  of  these  peripheral  nerve  centres,  the  existence  of  which 
Lister  long  ago  inferred. 
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Besides  these  local  centres  there  are  higher  and  more  general  centres 
situated  chiefly  in  the  spinal  cord  and  medulla  oblongata.  From  these 
centres  there  seems  to  pass  a  continuous  slight  stimulation  inducing  that 
moderate  contraction  which  we  name  tonicity.  If  the  connection  be 
severed  the  tonicity  ceases,  the  arteries  dilate.  There  is  a  general  centre 
for  the  whole  vaso-motor  system  in  the  medulla  oblongata.  When  this 
is  stimulated  all  the  arteries  appear  to  contract.  When  it  is  de- 
stroyed all  the  arteries  in  the  body  dilate.  But  without  being 
destroyed  the  centre  may  be  paralysed  or  inhibited.  It  is  inhibited  by 
the  inhalation  of  nitrite  of  amyl,  and  the  arteries  dilate.  It  may  also 
be  inhibited  by  the  stimulation  of  a  nervous  branch  which  passes  uj)- 
wards  from  the  heart,  the  depressor  nerve.  This  general  centre, 
therefore,  has  nervous  connections  of  a  similar  kind  to  the  local  ganglia. 

It  may  be  added  that  each  organ  seems  to  have  nervous  arrangements  of 
its  own  by  means  of  which,  either  reflexly  through  the  spinal  cord  and 
sympathetic  system,  or  more  locally,  it  is  in  a  position  to  regulate  the 
contraction  of  its  arteries  and  the  supply  of  blood. 


hypeetEmia  and  an-s:mia. 

These  jihysiological  considerations  would  lead  us  directly  to  the  con- 
sideration of  the  local  variations  in  the  distribution  of  the  blood  in  the 
-  body.  But  jjrior  to  that  we  have  to  consider  alterations  in  the  quantity 
of  the  blood  as  a  whole.  It  is  clear  that  with  regard  to  both  local  and 
general  variations  the  blood  may  be  either  excessive  or  deficient  in 
quantity,  and  to  express  these  the  terms  hyperemia  and  anemia  are 
used.  It  will,  therefore,  be  possible  to  consider  this  subject  under  the 
four  divisions  of  General  Hypertemia,  General  Anaemia,  Local  Hyper- 
seraia,  and  Local  Anaemia. 


1.  General  Hyper.emia.— This  term  designates  the  condition  in 
which  the  total  quantity  of  blood  in  the  body  is  in  excess.  The  term 
Plethora  is  used  in  a  similar  sense.  The  first  question  that  arises  here 
is,  whether  the  vascular  system  is  capable  of  accommodating  more  blood 
than  it  contains  normally.  There  is  no  difiiculty  in  answering  this  ques- 
tion in  the  affirmative.  If  the  vessels  as  a  whole  could  contain  no  more 
blood  than  they  normally  hold,  then  there  could  be  no  local  variations,  no 
blushmg,  no  increase  in  the  quantity  of  blood  during  activity  of  organs. 
The  capillaries  present  great  varieties  in  the  amount  of  blood  they  contain 
at  different  times,  and  if  we  take  the  whole  capillaries  of  the  body  into 
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account,  it  will  appear  that  in  them  there  is  a  great  reserve  space  which 
may  possibly  on  occasion  be  used  for  the  accommodation  of  an  excess  of 
l)lood.  This  matter  has  been  brought  to  the  test  of  experiment,  and  as 
there  are  several  points  of  interest  in  this  regard,  we  shall  refer  more 
specially  to  the  observations  made. 

Transfusion  of  blood  is  the  artificial  introduction  into  the  vascu- 
lar system  of  blood  from  another  animal. 

In  the  experiments  of  Worm  Miiller,  which  are  chiefly  of  importance 
here,  the  defibrinated  blood  of  dogs  was  injected,  with  precautions,  into 
the  vessels  of  animals  of  the  same  kind.    It  is  not  remarkable  that  the 
vascular  system  can  accommodate  a  large  additional  quantity  of  blood, 
but  it  is  remarkable  that  it  should  do  so  with  little  disturbance  to 
the  health  of  the  animal.    A  quantity  equal  to  a  half  or  three-fourths 
of  the  blood  normally  present  in  the  animal  may  be  injected  without 
endangering  the  life  of  the  animal,  and  the  quantity  needs  to  be  double 
the  normal,  or  over  it,  before  the  animal's  health  is  seriously  impaired. 
It  might  be  expected  that  when  the  vascular  system  is  thus  overfilled 
the  blood-pressure  would  be  greatly  raised,  but  actual  registration  of 
the  pressure,  by  a  cannula  introduced  into  the  carotid  and  connecting 
with,  a  kymographion,  shows  that  though  during  the  actual  operation 
there  is  a  rise  of  pressure,  yet  it  soon  falls  to  within  normal  limits. 
If  a  quantity  is  injected  beyond  double  the  normal  bulk  of  the  blood, 
then  the  pressure  begins  to  show  remarkable  elevations  and  depres- 
sions, and  the  animal  usually  dies  in  the  course  of  the  same  day  or 
the  next.    Life  is  immediately  endangered  when  one  and  a-half  times 
the  normal  bulk  is  injected. 

When  blood  is  transfused  then  in  large  quantity  it  finds  accommoda- 
tion chiefly  in  the  capillaries  and  veins,  the  arteries  being  relaxed  in 
order  to  admit  of  its  passing  into  these,  and  the  blood-pressure  is  not 
raised.  It  appears  that  the  capillaries  and  veins  of  the  abdominal 
organs  form  a  great  reservoir  for  the  accommodation  of  excessive  blood, 
and  that  the  blood  lodges  here  chiefly  after  transfusion. 

The  excess  of  blood  thus  supplied  to  an  animal  does  not,  however, 
remain  permanently  as  a  part  of  its  organism.  There  seem  to  be 
arrangements  in  the  body  for  disposing  of  it.  Worm  Miiller  endeav- 
oured to  determine  what  time  it  took  TO  DISPOSE  OF  A  large  excess 
of  blood  After  the  transfusion  the  animals  were  starved,  and  the 
l)lood  and  urine  examined  at  intervals.  It  was  concluded  that  the 
fluid  of  the  blood  is  rapidly  disposed  of,  being  excreted  by  the 
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urine.  A  few  hours  after  transfusion  much  of  the  excess  of  liquor 
sanguinis  had  ah^eady  gone,  and  even  when  60  to  80  per  cent,  of 
the  entire  blood  was  injected,  the  whole  excess  had  disappeared  in 
the  course  of  two  or  three  days.  The  rapid  disposal  of  the  liquor 
sanguinis  leaves  the  blood  corpuscles  greatly  in  excess,  and  the  rate 
of  disappearance  was  determined  by  counting  them  by  means  of  Malas- 
sez'  method.  If  the  quantity  transfused  is  small,  the  corpuscles 
may  be  disposed  of  in  a  few  days  ;  but  in  the  case  of  large  transfiisions- 
it  may  take  two  or  even  three  weeks.  In  this  comparatively  short 
period  of  time,  however,  the  whole  excess  of  blood,  both  plasma  and 
corpuscles  is  removed,  and  we  may  infer  that  there  are  arrangements 
in  the  body  for  the  regulation  of  the  amount  of  blood. 

These  experiments  all  refer  to  the  transfusion  of  defibrinated  blood. 
If  l)lood  is  injected  when  just  about  to  coagulate,  or  if  when  it 
has  just  begun  to  coagulate  some  of  the  serum  is  pressed  out  and 
injected,  then  in  some  cases  the  animal  dies  rapidly  with  symptoms 
referrible  to  pulmonary  embolism.  The  blood  in  the  right  side  of  the 
heart  and  pulmonary  artery  is  found  after  deatfi  to  be  coagulated.  The 
explanation  of  this  is,  that  at  the  time  of  coagulation  of  the  l:)lood,  the 
fil)rinoplastic  substance  and  the  ferment,  which  Schmidt's  observations- 
have  shown  to  be  so  directly  concerned  in  coagulation,  are  both  set  free. 
It  appears  that  even  a  small  quantity  of  these  substances  introduced  in 
the  free  state  into  the  blood  of  a  living  animal  induces  coagulation  of  it. 
The  importance  of  these  facts  in  regard  to  transfusion  in  human  beings- 
will  not  be  overlooked. 

Hitherto  the  transfusion  of  blood  from  an  animal  of  the  same  kind  has- 
been  referred  to,  dog's  blood  injected  into  a  dog.  But  when  blood  FROM 
A  different  species  of  animal  is  used,  there  are  frequently  symptoms- 
of  poisoning  developed.  The  urine  is  blood-coloured,  and  it  contains 
albumen  and  tube  casts  ;  there  is  vomiting  of  bloody  material,  diarrhoea, 
etc.  It  is  as  if  the  foreign  blood  had  acted  as  a  poison,  and  we  may 
.  enquire  what  is  the  nature  of  the  poison.  The  observations  of  Ponfick 
(Virchow's  Archiv,  vol.  Ixii.),  and  others,  have  thrown  considerable  light 
on  this  matter.  It  has  been  already  mentioned  that  the  urine  is  blood- 
coloured,  but  microscopic  examination  shows  that  this  is  due,  not  to  the 
presence  of  red  blood  corpuscles,  but  to  that  of  the  colouring  matter  of 
the  blood  in  solution.  It  is  not.  a  bloody,  but  a  blood-coloured  urine, 
not  a  hsematuria  but  a  h.^imoglobinuria.  The  fact  seems  to  be  that 
there  is  no  poison  in  the  foreign  blood  plasma,  but  that  the  corpuscles - 
are  unable  to  survive  in  the  alien  blood;  they  dissolve,  and  their- 
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heemoglobin  being  dissolve<l  in  the  plasma  acts  as  a  poison,  and  is 
eliminated  by  the  kidneys.  It  seems  to  exercise  its  deleterious  influence 
chiefly  on  the  kidneys  themselves,  the  tube  casts,  and  albumen  in  the 
urine  being  evidences  of  the  irritation  of  these  organs.  The  general 
symptoms,  in  fact,  are  largely  referrible  to  the  irritation  of  the  kidneys. 

If  hgemoglobin  be  introduced  into  the  blood  in  other  ways  it  acts 
equally  as  a  poison.  The  red  corpuscles  of  animals  may  be  destroyed 
by  repeatedly  freezing  and  thawing  the  blood,  and  when  that  has  Ijeen 
done,  the  blood  of  the  same  kind  of  animal  will  produce  symptoms  sucli 
as  those  referred  to. 

It  is  to  be  observed  that  all  animals  are  not  exactly  in  the  same 
relation  to  each  other  in  this  respect.  It  is  found,  for  instance,  that  a 
much  smaller  quantity  of  lamb's  blood  than  of  hen's  blood  produces 
haBmoglobinuria  in  a  dog.  The  importance  of  these  facts  in  regard  to 
transfusion  in  the  human  species  Avill  he  apparent. 

In  this  i)lace  it  may  be  mentioned  that  the  blood  transfused  does 
not,  according  to  Panum,  act  as  food  or  take  its  place.  If  an  animal  is 
undergoing  starvation,  transfusion  does  not  avert  or  delay  the  process 
of  inanition,  it  rather  hastens  it  by  increasing  the  waste.  In  using 
transfusion  as  a  means  of  treatment  the  object  is  to  make  up  a  de- 
ficiency of  red  corpuscles  or  blood  plasma. 

Having  now  seen  that,  by  transfusion,  an  artificial  plethora  may  be 
induced  in  animals,  we  may  be  prepared  to  admit  the  possibility  of  its 
existence  in  the  human  suljject.  It  Avill  presumably  occur  when  the 
blood-forming  organs  are  unduly  active,  and  will  manifest  itself  in  an 
over-fuhaess  of  the  capillaries  and  veins  throughout  the  body,  but  especi- 
ally in  those  of  the  abdominal  viscera.  Persons  of  vigorous  digestion 
and  active  habits  have  often  a  florid  appearance,  as  if  the  vessels,  of  the 
skin  at  least,  were  overfilled.  The  excess  of  blood  is  used,  to  a  con- 
sideral^le  extent,  in  the  formation  of  fat,  and  we  know  that  the 
subcutaneous  adipose  tissue  and  that  of  the  abdomen  are  often  much 
increased.  But  the  observations  mentioned  above  show  that  any  excess 
of  blood  is  disposed  of  with  considerable  rapidity,  and  we  may  infer 
that  in  the  human  subject  a  moderate  tendency  to  plethora  wiW  be 
overcome.  It  will  develop  when  the  formation  of  blood  keeps  in 
advance  of  its  destruction  by  the  arrangements  provided  for  that 
purpose. 

2.  General  Anemia.— By  this  name  is  meant  strictlj-  a  defect  in 
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the  blood  as  a  whole,  a  real  want  of  blood,  but  the  term  is  habitually 
used  to  designate  conditions  in  which  the  blood  is  defective  in  any  of 
its  imjjortant  constituents. 

A  true  ansemia  or  want  of  blood,  such  as  occurs  in  consequence 
of  a  severe  hgemorrhage,  is  designated  Oligemia,  and  this  term  may 
be  regarded  as  virtually  equivalent  to  Acute  Traumatic  Anemia. 
When  such  a  condition  develops  from  a  single  large  haemorrhage,  the 
condition  of  simple  reduction  of  the  bulk  of  the  blood  does  not  long 
remain,  but  various  processes  occur  which  modify  the  state  of  the 
blood.  We  have  now  to  consider  what  these  processes  are,  and  how 
they  modify  the  condition  of  the  blood. 

To  begin  with,  the  bulk  of  the  blood  does  not  long  remain  under  the 
normal ;  it  is  rajDidly  made  up,  but  not  by  a  plasma  of  normal  concentra- 
tion. The  blood  is  unduly  watery,  and  so  the  oligsemia  gives  place  to 
a  Hydremia.  The  process  by  which  this  is  brought  about  is  not  very 
obscure.  As  the  haemorrhage  proceeds  the  arterial  blood-pressure 
diminishes ;  in  slight  haemorrhages  it  soon  recovers,  but  in  severe  cases 
the  reduction  continues  for  some  time.  The  consequence  of  this  must 
be  a  diminution  in  the  transudation  of  the  normal  parenchymatous  fluid 
from  the  capillaries.  If  the  reduction  of  pressure  is  considerable, 
there  may  even  be  a  reverse  current,  the  fluid  from  the  tissues  being 
absorbed  into  the  blood.  Again,  the  secretion  of  urine  depends  on  the 
blood-pressure  in  the  vessels  of  the  Malpighian  tufts  in  the  kidneys,  and 
the  pressure  here  depends  largely  on  the  general  arterial  tension.  Any 
diminution  of  the  general  blood-pressure  will  therefore  lessen  the 
amount  of  urine  secreted,  and  will  diminish  the  loss  of  Avater  by  the 
blood.  In  this  way,  and  by  the  absorption  of  water  from  the  alimen- 
tary canal,  the  bulk  of  the  blood  is  soon  made  up,  but,  as  already 
mentioned,  it  is  a  watery  blood. 

After  such  a  hemorrhage  also,  there  is  an  excess  of  leucocytes  in  the 
l)lood,  especially  as  compared  with  the  red  corpuscles  which  are  much 
.diminished.  This  condition  of  Leucocytosis  is  brought  about  in 
various  ways.  During  the  actual  haemorrhage  the  white  corpuscles 
being  more  adhesive  pass  less  freely  out  of  the  ruptured  vessels,  and  so 
fewer  are  lost  than  of  the  red  corpuscles.  But  the  principal  cause  of 
the  leucocytosis  is,  that  the  white  corpuscles  are  much  sooner  replenished 
than  the  red.  The  thoracic  duct  pours  into  the  jugular  vein  lymph 
containing  leucocytes  both  during  and  after  the  hemorrhage.  More- 
over, the  organism  seems  to  have  a  very  great  power  of  forming 
leucocytes.    If  we  consider  the  excessive  quantities  of  them  which  are 
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formed  during  an  active  suppuration,  we  may  have  some  idea  of  the 
rapidity  with  which  they  may  be  produced. 

The  red  corpuscles  are  much  more  slowly  regenerated.  If  the 
hfemoi-rhage  has  been  at  all  severe  it  takes  many  weeks  to  make  up 
their  number.  The  number  of  corpuscles  to  a  given  bulk  of  blood  can 
readily  l)e  estimated  by  the  instruments  devised  for  the  enumeration  of 
the  corpuscles,  of  which  one  of  the  most  convenient  is  that  of  Thoma, 
manufactured  by  Zeiss  of  Jena.  By  this  method  it  can  be  observed 
how  the  corpuscles  are  gradually  replenished. 

The  exact  mode  of  formation  of  the  red  corpuscles,  even  the  site  of 
their  formation,  is  very  obscure.  It  has  been  generally  beHeved  that 
the  spleen,  lymphatic  glands,  and  bone-marrow,  have  to  do  with  the 
formation  of  these  corpuscles.  The  observations  of  Neumann  and  others 
have  caused  great  importance  to  be  attached  to  the  bone-marrow  in  this 
regard,  and  the  fact  that  nucleated  red  corpuscles  are  to  be  found  here, 
especially  in  young  persons,  has  been  regarded  as  an  indication  that  this 
tissue  is  specially  concerned  in  the  formation  of  these  bodies.  It  has 
generally  l)een  supposed  that  the  red  corpuscles  develop  out  of  the 
white,  but  considerable  doubt  has  always  existed  as  to  this.  Recently, 
it  has  been  asserted  that  they  arise  by  a  process  of  budding  from  exist- 
ing red  corpuscles. 

It  is  not  necessary  to  assume  that  the  red  corpuscles  are  replenished 
only  by  an  excessive  activity  in  the  blood-forming  organs.  It  may  be, 
rather,  that  ^vith  an  ordinary,  or  even  reduced,  activity,  the  corpuscles 
are  made  up  by  fewer  of  them  being  consumed  than  under  ordinary  cir- 
cumstances. The  colouring  matters  of  the  bile  and  of  the  urine  are  de- 
rived from  the  blood,  and  their  existence  implies  that  red  corpuscles  are 
destroyed  in  order  to  yield  their  colouring  matter.  In  the  case  of  the 
bile,  this  destruction  probably  takes  place  in  the  liver,  but  in  the  case  of 
the  urine,  the  colouring  matter  exists  pre-formed  in  the  blood,  and  the 
destruction  of  corpuscles  takes  place  elsewhere,  perhaps  in  the  spleen. 
After  a  severe  haemorrhage,  there  is  much  less  activity  of  all  the  func- 
tions of  the  body,  and,  presumably,  less  consumption  of  red  corpuscles. 
In  accordance  with  this  the  bile  and  urine  are  paler  than  normal ; 
often  very  much  so.  It  may  l)e,  then,  that  in  the  generall}-  re- 
duced activity  of  the  body,  there  is  no  increased  formation  of  red 
corpuscles,  but  that  their  slow  replenishment  is  really  due  to  an 

economy  of  them.  . ,     , ,    ,         u      t,  i 

In  the  above,  the  case  of  a  single  considerable  haemorrhage  has  been 
taken.    Where  there  are  frequent  small  hjemorrhages,  as  from  piles, 
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bleeding  from  the  uterus,  etc.,  there  will  he  a  recurrent  loss  of  blood,  and 
a  continuous  hydriiemia. 

Spontaneous  anaemia  is  a  term  used  to  designate  conditions  in 
which,  without  any  loss  of  blood,  there  is  a  deficiency  chiefly  in  the  red 
corj)uscles.  There  is  generally  an  actual  deficiency  in  the  number  of 
the  corpuscles  as  determined  by  counting,  but  there  are  cases  where, 
without  any  great  reduction  in  number,  there  is  a  great  deficiency  of 
•haemoglobin.  The  normal  proportion  of  red  corpuscles  to  the  jjlasma 
is  13  per  cent.,  and  in  spontaneous  anaemia  it  has  been  found  as  low  as 
6,  5,  and  even  4  per  cent.  Various  forms  of  spontaneous  anaemia  are 
met  with,  of  which  two  call  for  special  note — namely.  Chlorosis  and 
Pernicious  Anaemia. 

Chlorosis  occurs  most  frequently  in  young  women  about  the  age 
of  puberty,  and  it  is  remarkably  amenable  to  treatment  by  means  of 
iron.  There  is  reason  to  suppose  that  this  condition  may  be  due  to  a 
congenital  defect  in  the  organs  for  preparing  the  blood — they  are  unable 
to  meet  any  extra  strain  on  them,  such  as  occurs  at  puberty.  It  is 
interesting,  in  this  regard,  that  chlorosis  has  been  found  in  a  certain 
number  of  cases  to  be  associated  with  a  visible  defect  in  the  circu- 
latory system,  which  gives  some  corroboration  to  the  supposition  of  a 
defect  in  the  blood-i)reparing  organs  (Virchow).  The  most  constant 
defect  is  narrowness  and  thinness  of  the  aorta.  There  is  also  frequently 
an  irregularity  in  the  origin  of  the  branches  from  the  aorta,  esi)eciall}^ 
the  intercostal  ones.  The  narrowness  of  the  aorta  may  lead  to  hyper- 
trophy of  the  heart.  It  is  sometimes  stated  that  chlorosis  is  related  to 
congenital  defect  of  the  organs  of  generation,  but  there  is  no  sufficient 
evidence  in  su2)port  of  this. 

There  are  certain  anasmias  of  a  very  serious  kind  which  come  on 
without  any  apparent  connection  with  other  abnormal  conditions. 
These  are  sometimes  designated  Essential  Anemias,  of  which  the 
most  important  is  Pernicious  An.emia.  This  name  is  used  to  desig- 
nate a  disease  in  which,  without  apparent  cause,  the  blood  deteriorates, 
becoming  deficient  in  red  corpuscles.  The  deterioration  goes  on  pro- 
gressively to  a  fatal  issue  and  nothing  has  been  found  to  arrest  it. 
In  this  disease  there  is  a  marked  deficiency  in  red  corpuscles,  l)ut 
besides  that  there  are  corpuscles  present  which  are  not  represented  at 
all  m  normal  blood.  These  are  red  corpuscles  of  a  much  smaller  size 
than  the  normal  ones,  as  shown  in  the  accompanyinjj  figure.  They  are 
usually  about  half  the  size  of  the  red  ones ;  instead  of  being  bi-concave 


16 


AFFECTIONS  OF  CIRCULATION  AND  BLOOD. 


they  are  globular,  and  they  have  a  much  deeper  colour  than  the 
ordinary  red  corpuscles.    They  are  generally  present  in  considerable 

abundance  and  may  even  exceed  in 
number  the  normal  ones.  It  is  as- 
serted that  these  small  corpuscles 
(microcytes)  are  present  in  all  cases 
^  of  this  disease.    This  is  denied  !)}• 

(mf)^  (S)^(^(^  (#)  ®  some,  but  they  are  certainly  present 
®  -Tg!!  "  ill  ^  large  proportion  of  cases.  In 
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Pig.  1.- Blood  in  Pernicious  Ansemia.  The 
larger  bodies  are  the  normal  red  coiiiusclcs. 
The  smaller  are  the  roinid  more  deeply  col- 
oured ones  usually  found— so  called  Micro- 
cytes. (ElCUHORST.) 
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addition,  red  corpuscles  of  largei 
size  than  normal  and  nucleated  red 
corpuscles,  have  been  met  with  in 
the  blood  in  some  cases  of  pernicious 
anaemia,  and  nucleated  corpuscles 
may  be  found  in  the  blood  after  death  when  examination  has  failed  to 
detect  them  during  life.  In  some  cases  also  of  this  disease,  the  medulla 
of  bone  is  altered.  Instead  of  the  yellow  adipose  tissue,  which  is  the 
normal  structure  in  some  parts  of  the  medulla,  a  red  semi-fluid  marrow 

has  been  found,  in  the  shaft  of  the 
femur  for  instance.  Under  the  micro- 
scope, in  these  cases,  the  normal  adipose 
tissue  is  found  to  be  replaced  by  aggre- 
gations of  cells  in  the  midst  of  which 
are  found  nucleated  red  corpuscles,  while 
the  non-nucleated  corpuscles  present  great 
Fig -From  Red  Medulla  of  bono  in  variety  in  size  (figure  2).  This  change 
c%"uSes^TA^-ed\o;S^^^^^^  in  the  medulk,  however,  can  hardly  be 
l^tor^^^o  liiit^nCSSeJ  regarded  as  distinctive  of  this  form  of 
marrow,  x  350.  aiisemia.    It  has  been  found  in  ordinar}' 

forms  of  ansemia,  and  it  is  sometimes  absent  in  pernicious  anaemia. 
Pjobably  it  indicates  an  alteration  in  the  organs  having  to  do  with 
the  preparation  of  the  blood,  but  nothing  further  can  be  defimtely 
asserted. 

Besides  these  forms  of  anemia  already  described  in  which  there  is 
an  actual  loss  of  blood  or  else  a  grave  defect  in  the  formation  of  the 
blood  there  are  some  conditions  in  which  the  blood  is  impoverished  m 
consequence  of  some  other  disease  which  either  causes  a  waste  of  the 
constituents  of  the  blood,  or,  by  lowering  the  nutrition  as  a  whole,  leads 
to  defect  in  the  formation  of  the  blood.    This  is  called  secondary 
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AN.^IMIA,  and  it  may  occur  in  all  debilitating  diseases  such  as  malignant 
tumours,  febrile  conditions,  albuminuria,  etc. 

An.'EMIA,  in  its  various  forms,  not  unfrequently  PRODUCES  SECON- 
DARY CHANGES  in  various  organs,  and  it  will  be  proper  briefly  to  refer 
to  these.  The  foundation  of  all  these  changes  is  the  deterioration  of 
the  blood,  and  we  must  be  prepared  to  find  functional  activity  reduced, 
and,  above  all,  the  nutrition  of  the  tissues  interfered  with.  A  promin- 
ent result  of  this  interference  ^vith  the  nutrition  is  the  frequent  occur- 
rence of  degenerative  changes. 

Fatty  degeneration  of  the  muscular  tissue  of  the  heart  is  one  of  the 
commonest  of  these.  Experiment  on  dogs  shows  that  successive  large 
haemorrhages  leading  to  inanition  rapidly  produce  fatty  degeneration  of 
the  muscle  of  the  heart.  The  author  has  met  with  a  case  in  which, 
after  a  single  very  severe  ha3morrhage  from  the  stomach,  with  a  fatal 
issue  three  weeks  later,  there  was  extreme  fatty  degeneration  of  the 
heart.  Fatty  degeneration  also  occurs  in  the  epithelium  of  the  urini- 
ferous  tubules  of  the  kidney  and  in  the  hepatic  cells  of  the  liver.  A 
fatty  degeneration  of  the  intima  of  the  aorta,  producing  a  figured 
appearance  in  the  wall  of  the  vessel,  has  been  seen  in  chlorosis  and  in 
other  forms  of  anaemia  (Virchow).  This  may  be  part  of  the  defect  of 
the  vascular  system  in  chlorosis  already  mentioned,  but  more  probably 
it  is  a  secondary  degeneration.  The  state  of  the  medulla  of  bone  in 
pernicious  anaemia  has  been  referred  to,  and  it  has  been  remarked  that 
a  similar  red  marrow  has  been  seen  in  other  forms.  We  meet  with  it 
in  secondary  anaemias,  and,  perhaps,  especially  in  old  persons. 

3.  Local  HypeR/EMIA.— AVe  have  next  to  consider  the  local  variations 
in  the  distribution  of  the  Ijlood.  The  term  local  hyperaemia  is  apphed 
to  conditions  in  which  there  is  an  excess  of  blood  in  the  vessels  of  a 
particular  part.  It  may  be  due  to  an  abnormal  amount  of  blood  being 
admitted  by  the  arteries,  and  in  that  case  the  l)lood  will  generally  be  at 
a  higher  pressure  and  flow  more  quickly  than  normal ;  or  to  some  inter- 
ference with  the  passage  of  the  blood  away  from  the  part  by  the  veins, 
in  which  case  the  current  will  probably  be  unduly  slow.  In  this  way 
we  distinguish  two  forms  of  local  hyper^emia— an  active  or  arterial  and 
a  passive  or  venous. 

Active  Hyper,i<:mia  or  Active  Congestion. —This  occurs  when  an 
excess  of  blood  is  admitted  l)y  the  arteries  into  a  part.    The  terms  Atonic 
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and  Arterial  Hypersemia  may  be  regarded  as  synonymous  with  active 
hypergemia,  and  also  the  expressions  Fhixion  and  Determination  of 
Blood.  This  condition  will  come  about  either  when  there  is  some  in- 
crease of  the  blood-pressure  forcing  more  blood  in,  or  w:hen  the  arteries 
are  dilated  so  as  to  allow  the  blood  freer  access. 

Increase  of  blood-pressure  is  not  often  local,  and  even  when  it  is, 
a  rapid  accommodation  is  usually  effected  by  which  the  pressure  is 
brought  to  an  equiUbriura.  This  accommodation  is  effected,  as  we  have 
seen,  by  means  of  the  arteries,  their  state  of  contraction  being  subject  to 
variation.  There  is  one  situation,  however,  in  which  arteries  possess 
little  tonicity,  and  hardly  at  all  regulate  the  supply  of  blood  except 
passively,  and  that  is  in  the  lungs.  It  is  to  be  noted,  therefore,  that 
any  increase  of  blood-pressure  affecting  the  pulmonary  circulation  is  apt 
to  be  followed  by  an  active  hyperasmia.  In  studying  active  hyper- 
.EMIA  of  the  lungs,  we  shall  see  that  increased  activity  of  the  heart 
may  lead  to  active  congestion  in  the  lungs. 

There  is  a  condition  designated  collateral  hyperemia,  and  it 
might  be  supposed  that  this  is  due  essentially  to  increase  of  blood-pressure. 
It  occurs  when,  on  account  of  deficiency  of  blood  in  one  part  (local 
aneemia),  there  is  excess  of  blood  in  another.    If  the  blood  is  deficient 
in  one  part,  it  must  be  excessive  in  another  or  in  the  system  in  general. 
The  local  anfemia  is  due  to  some  impediment  to  the  circulation,  chiefly 
obstruction  of  the  arteries,  and  it  may  be  supposed  that  the  direct 
result  of  such  obstruction  will  be  to  raise  the  blood-pressure  in  the 
neighbouring  vessels  and  so  lead  to  an  active  hyperaemia.    As  we  shaU 
see  afterwards,  this  is  probably  the  explanation  of  the  congestion  of  the 
lungs  which  follows  the  drinking  of  large  quantities  of  cold  water.  The 
cooling  of  the  stomach  causes  contraction  of  the  arteries  in  the  abdomen, 
and  this  increases  the  blood-pressure.    But  for  the  most  part  the  blood- 
vessels are  so  fully  under  the  control  of  the  nervous  system,  and  the 
mechanism  for  the  regulation  of  the  circulation  is  so  well  arranged,  that 
when  a  local  anemia  occurs  the  accommodation  of  the  excess  of  blood  is 
not  left  to  mere  accident,  but  is  provided  for  accordnig  to  the  needs  of 
the  organism.    Thus,  if  the  carotid  artery  is  obstructed,  the  dilatation 
and  hyperaemia  do  not  occur  in  the  arteries  of  the  arm,  which  are  the 
nearest  to  the  obstructed  artery,  but  in  the  other  arteries  passing  to  the 
brain     If  one  renal  artery  is  obstructed,  there  is  a  collateral  hy^ev- 
«emia  of  the  kidney  opposite,  and  the  secretion  of  urine  is  restored  to 
the  normal.    Most  collateral  hypersemias,  therefore,  are  due  rather  to 
<lilatation  of  the  arteries  than  to  increase  of  blood-pressure. 
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Turning  to  cases  in  which  the  hypersemia  is  more  directly  due  to 
DILATATION  OF  THE  ARTERIES,  a  simple  example  is  afforded  by  the 
congestion  Avhich  follows  the  application  of  warmth  to  the  skin  in  the 
form  of  poultices,  etc.  It  is  beheved  that  this  hypersemia  causes  a  col- 
lateral angemia  in  certain  subjacent  parts,  and  this,  like  collateral  hyper- 
jemia,  has  not  a  merely  accidental  distribution.  On  this  principle,  as 
some  suppose,  poultices  and  fomentations  are  useful,  although  probably 
this  is  not  the  entire  explanation  of  their  action. 

But,  again,  the  arteries  dilate  when  an  unusual  pressure  to  which 
they  have  long  been  subject  is  suddenly  removed.  The  arrangements 
for  the  regulation  of  the  circulation  are  such  that  when  arteries  are  sub- 
jected to  i^ressure,  as  the  arteries  of  the  abdomen  in  ascites,  the  circular 
muscular  fibres  become  less  active,  the  external  pressure  causing  nar- 
rowing of  the  arteries  without  their  contraction.  Should  the  pressure 
be  suddenly  removed,  however,  these  vessels,  taken  as  it  were  at  a 
disadvantage,  dilate,  and  an  active  hypersemia  results.  Hence  after 
removal  of  a  large  accumulation  of  ascitic  fluid  it  is  usual  to  apply 
a  supporting  bandage  which  will  partly  take  the  place  of  the  pressure 
removed,  till  the  arteries  accommodate  themseh'^es  afresh  to  their  new 
circumstances.  After  removal  of  an  ovarian  tumour  there  may 
be  a  hypersemia  of  the  kidneys,  which  may  even  lead  to  a  transi- 
tory albuminuria. 

Further,  paralysis  of  the  vaso-motor  nerves  may  lead  to  relaxation  of 
the  arteries.  The  author  met  with  a  case  in  which  an  accident  caused  a 
traumatic  lesion  of  the  medulla  oblongata.  The  injury  had  apparently 
destroyed  the  vaso-motor  centres  of  the  kidneys.  There  was  a  most 
■remarkable  active  hypersemia  of  these  organs,  evidenced  after  death  by 
an  enormous  overfiUing  of  all  the  vessels  with  blood.  During  the  few 
hours  of  life  after  the  accident,  a  very  excessive  quantity  of  watery  urine 
was  twice  drawn  off  by  the  catheter,  and  after  death  the  bladder  was 
found  highly  distended.  Division  or  injury  to  the  spinal  cord  is  likely 
to  produce  hypersemia  in  the  parts  supplied  with  nerves  by  the  cord 
beneath  the  point  of  injury.  Nerve  stems  may  be  interrupted  in  their 
continuity  and  dilatation  of  arteries  so  produced.  Lastly,  in  nem-algias 
we  sometimes  have  dilatation  of  the  arteries.  Whether  this  is  produced 
by  the  vaso-motor  fibres  being  directly  involved  in  the  morbid  process, 
or  reflexly  by  stimulation  of  sensory  fibres,  it  is  impossible  to  say. 

As  a  RESULT  of  the  dilatation  of  the  arteries,  there  is  not  simply  an 
increased  access  of  blood  to  the  part,  but  the  blood  flows  more  quickly. 
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The  first  ettect  of  a  sudden  dilatation  of  a  considerable  numl^er  ot 
arteries  will  be  a  reduction  of  the  arterial  blood-pressure.  But  by  con- 
traction of  arteries  elsewhere  this  will  soon  be  restored  unless  the 
number  of  arteries  dilated  be  very  great.  If  the  blood-pressure  remain 
the  same  then,  the  blood  will  pass  with  less  resistance  through  the 
dilated  arteries,  and  will  reach  the  capillaries  and  veins  at  a  higher 
pressure  than  normal.  As  a  matter  of  fact  the  l)lood  current  is  acceler- 
ated and  the  pulse  may  be  propagated  through  the  capillaries  into  the 
veins. 

The  most  obvious  signs  of  active  hypera^mia  are  redness,  shght 
swelling,  and  elevation  of  temperature.  The  swelling  is  due  partly  to 
the  overfilling  of  the  vessels,  but  also  to  an  increased  transudation  from 
the  vessels  into  the  lymph  spaces.  It  has  been  found  that  if  a  cannula 
is  introduced  into  a  lymphatic  vessel  in  the  leg  of  a  dog,  and  the 
sciatic  nerve  cut,  there  is  an  increased  flow  of  lymphatic  fluid  from 
the  cannula.  If  the  hypersemia  continues  long,  and  no  other  element 
occurs,  there  will  probably  be  a  hypertrophy  of  the  affected  part.  The 
vessels  especially  are  liable  to  enlarge,  and  very  insignificant  ones  may 
become  of  considerable  size. 

It  has  been  said  that  active  hyperajmia  may  lead  to  hajmorrhage,  but 
experiment  seems  to  prove  that  even  a  very  great  rise  in  the  blood- 
pressure  in  the  capillaries  does  not  lead  to  haemorrhage  unless  the 
vessels  are  badly  supported,  or  else  defective  in  some  way.  By 
ol)structing  the  respiration  in  a  dog  you  may  raise  the  arterial  pressure 
enormously,  but  there  is  no  rupture  of  the  capillaries,  or  only  m  such 
deUcate  structures  as  the  retina,  brain,  or  conjunctiva.  The  increase  in 
pressure  in  a  pure  active  hyi^ersemia  is,  of  course,  greatly  less  than  this. 

Passive  Hyperemia  or  Passive  Congestion  is  a  condition  in 
which  the  blood  stagnates  in  the  vessels ;  they  are  overfilled  with  blood 
which,  as  it  remains  too  long  in  the  vessels,  has  a  venous  character, 
hence  passive  hyijeramia  is  also  called  Venous  Hypersemia. 

This  condition  frequently  occurs  as  a  consequence  of  WEAKNESS  OF 
THE  HEART.  In  the  normal  state  the  forces  of  the  circulation  have  to 
overcome  gravitation,  in  order  to  remove  the  blood  from  dependnig 
parts  The  force  of  the  heart  propagated  through  artenes  and  capd- 
laries  to  the  veins  is  generally  sufficient  to  do  this.  But  if  the  heart  is 
weak,  the  blood  is  apt  to  linger  in  depending  parts,  or  in  parts  far 
removed  from  the  centre.  Weakening  of  the  heart  occurs  in  many 
forms  of  disease.    It  is  often  very  marked  in  fevers,  such  as  typhus  and 
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typhoid,  or  in  long-continued  debilitating  diseases,  which  produce 
anjemia.  In  these  cases  the  blood  often  stagnates  in  the  dependent  parts 
of  the  king  where  it  produces  the  so-called  hypostatic  engorgement.  It 
also  stagnates  frequently  in  depending  parts  of  the  skin,  over  the  sacrum 
and  shoulder  blades  in  persons  lying  on  their  backs,  over  the  trochanters 
in  persons  lying  on  their  sides.  In  these  situations  the  weakness  of  the 
circulation  along  with  the  mechanical  effects  of  the  weight  of  the  body 
and  irritation  of  decomposing  material,  leads  frequently  to  the  sloughing 
of  the  skin  and  the  formation  of  bed-sores.  In  fevers  there  may  be 
hyperaemia  of  the  extremities  of  the  fingers  or  toes,  resulting  even 
in  necrosis  or  gangrene. 

Again,  there  may  be  difficulty  in  overcoming  gravitation  on  account 
of  the  force  of  the  heart  being  partly  lost  by  reason  of  abnormal 
CONDITIONS  IN  THE  ARTERIES.  If  there  be  partial  obstruction  in  the 
arteries,  as  in  atheroma,  where  there  is  thickening  of  the  internal  coat 
sometimes  Avith  a  deposition  of  thrombi  on  the  surface,  the  force  of  the 
heart  may  be  lost  in  friction,  and  consecpiently  the  blood  may  stagnate 
in  the  parts  supplied. 

Obstruction  of  veins,  however,  is  the  most  direct  cause  of  passive 
hypersemia.  This  may  be  produced  by  pressure  of  tumours,  exudations, 
bandages,  the  pregnant  uterus,  even  hard  masses  of  faeces,  by  coagula- 
tion of  blood  mthin  the  veins,  or  by  the  bursting  of  tumours  into 
veins,  or  their  growth  through  their  walls. 

Lastly,  disease  of  the  valves  of  the  heart  produces  in  a  large 
proportion  of  cases  a  general  venous  hyperaemia. 

We  have  now  to  consider  the  results  of  this  engorgement  of  the 
vessels.  Taking  the  simplest  case,  that  of  obstruction  of  a  venous 
stem,  the  first  result  is  an  increase  of  blood-pressure  in  the  veins  behind 
the  point  of  obstruction,  and  an  accumulation  of  blood  in  the  part. 
Considering  the  rajjid  manner  in  Avhich  increase  of  pressure  in  the 
arteries  is  compensated,  it  might  be  expected  that  the  increase  of  pressure 
would  soon  be  relieved,  and  the  engorgement  recovered  from.  If  the  vein 
have  abundant  anastomoses,  then  to  a  considerable  extent  the  blood  will 
find  its  way  by  other  channels  and  the  normal  conditions  be  restored. 
But  from  the  list  of  causes  of  passive  hypersemia  it  will  be  seen  that  most 
of  these  involve  sets  of  veins,  or  whole  regions  of  the  body ;  even  in  the 
ease  of  thrombosis,  the  coagulation  usually  extends  to  a  number  of  veins. 
Apart  from  relief  by  anastomosis,  however,  it  might  be  supposed  that 
when  obstniction  in  a  vein  occurs  the  increase  of  pressure  Avould,  as  in 
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the  case  of  obstruction  of  an  artery,  be  compensated  by  changes  in  tlie 
state  of  contraction  of  the  arteries.  But  a  local  relaxation  of  the 
arteries  would  only  intensify  the  result  by  superinducing  an  active 
hyperaemia;  consequently  the  desired  compensation  could  only  be  effected 
by  a  reduction  of  the  blood-pressure  throughout  the  system,  which  will 
scarcely  happen.  The  increase  of  pressure  remains,  and  it  affects  not 
only  the  veins  but,  more  particularly,  the  capillaries,  the  blood  in  which 
is  as  it  were  jammed  between  two  pressures,  the  normal  pressure  from 
arteries  and  the  abnormal  from  the  veins. 

The  further  effects  are  to  be  traced  to  the  excessive  pressure  in  the 
capillaries.  The  blood  accumulates  in  excessive  quantity  in  these 
vessels  and  at  an  excessive  pressure.  In  consequence  of  this  an  increase 
in  the  natural  transudation  of  fluid  through  the  capillaries  occurs,  and 
the  blood  corpuscles,  especially  the  red  ones,  escape  from  the  vessels. 
Each  of  these  phenomena  merits  more  special  consideration. 

The  term  Diapedesis,  or  haemorrhage  by  diapedesis,  is  a]>phed  to  the 

escape  of  the  red  cor- 
puscles from  the  blood- 
vessels when  it  occurs, 
as  in  the  present  case, 
Avithout  rupture  of  their 
wall.     This  process  oc. 
curs  mainly,  if  not  en- 
tirely, in  the  capillaries, 
and  it  can  be  shown  by 
experiment  that  it  does 
not  involve  rupture  of 
these  vessels.     If  the 
tongue  of  a  frog  is  hga- 
tured  at  its  base  so  as  to 
include  all  the  veins,  but 
excluding   the  arter}-, 
there  mil  be  the  phe- 
nomena of  hyperaemia 
greatly  intensified,  and 
among  these  phenomena 
diapedesis.    But  if  the 
ligature    be  loosened 

within  a  moderate  period,  the  circulation  is  restored,  and  the  phe- 
nomena disappear.    If  the  escape  of  blood  corpuscles  had  been  by  rup- 


Fig.  3.  ~  Normal  capil- 
lai"y,  with  endothelium 
mapped  out  by  treatment 
•with  nitrate  of  silver. 


Pig  4.  —Capillaries  after  pas- 
sive hvperasmia.  Apertures  be- 
tween"the  colls  greatly  enlarged; 
the  so-called  stomata.  (Ar- 
nold.) 
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ture,  it  would  have  continued  after  resumption  of  the  circulation.  As  to 
the  manner  in  which  the  corpuscles  escape,  it  is  believed  by  some  that  they 
are  pushed  through  the  endothehal  plates,  but  by  others  it  is  asserted, 
with  more  probability,  that  they  pass  between  the  endothehal  cells. 
Fig.  3  shows  the  appearance  of  the  endothelium  of  a  capillary  mapped, 
out  by  treatment  with  nitrate  of  silver,  and  Fig.  4  shows  capillaries 
similarly  treated  after  passive  hyperajmia  had  existed.  The  latter  illus- 
tration is  taken  from  Arnold,  who  asserts  that  while  in  the  normal 
condition  there  are  minute  apertures  between  the  endothelial  cells, 
chiefly  at  the  angles  where  two  or  three  meet,  these  are  found  much 
enlarged  in  passive  hypersemia.  The  small  apertures  may  be  called 
stigmata,  and  the  larger  ones  stomata.  The  excessive  pressure  in  the 
capillaries  seems  to  be  the  chief  agent  in  causing  the  escape  of  the 
corpuscles,  as  well  as  the  increased  transudation  of  fluid. 

That  there  is  an  increased  transudation  of  fluid  can  be  directly  proved 
by  experiment.  The  flow  in  the  lymphatic  vessels  has  been  proved  to 
be  excessive.  If  the  lymphatics  are  not  capable  of  disposing  of  the 
entire  excess,  then  the  fluid  accumulates  in  the  serous  spaces  and 
cavities  of  the  body,  giving  rise  to  (Edema  and  Dropsy,  which  are 
to  be  more  fully  considered  afterwards.  This  accumulation  will  occur 
if,  on  the  one  hand,  the  transudation  be  too  excessive  for  the  lymphatics 
to  dispose  of  it,  or  if  on  the  other,  for  some  reason,  the  lymphatics  do  not 
take  it  up  sufficiently.  The  current  in  the  lymphatics  depends  on  the 
blood-pressure,  and  we  have  just  seen  that  the  cause  of  the  increased 
transudation  is  excess  of  blood-pressure,  and  so  the  same  condition  which 
determines  the  increase  will,  to  a  certain  extent,  cause  it  to  be  more 
rapidly  disposed  of.  Hence  it  is  that  a  simj)le  passive  hyperaemia  from 
obstruction  of  a  vein,  let  us  say,  is  not  usually  associated  with  much 
oedema.  When  the  hypersemia  depends  on  weakness  of  the  heart,  then 
the  attraction  of  gravity  which  prevents  the  return  of  blood  will  also 
interfere  with  the  flow  in  the  lymphatics,  and  there  will  be  no  excessive 
blood-pressure  to  accelerate  the  flow.  Hence,  in  these  cases,  oedema  is 
more  common  and  more  serious. 

The  exuded  fluid,  as  may  be  inferred,  contains  red  corpuscles,  but  it 
does  so  much  less  in  actual  pathological  processes  than  might  be  sup- 
posed from  experiments  in  animals.  In  the'  latter  there  is  a  sudden 
obstruction,  with  exaggerated  results;  in  actual  disease  in  man  the 
processes  usually  develop  slowly,  and  there  is  some  accommodation  of 
the  vessels.  It  should  be  added  that  the  white  corpuscles  pass  out  of 
the  vessels  as  well  as  the  red,  but  not  to  such  an  extent,  and  that  the 
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corpuscles,  both  red  and  white,  escape  from  the  small  veins  as  well  as 
from  the  capillaries. 

When  oedema  does  not  occur,  there  is  frequently  developed  some 
swelling  of  the  connective  tissue  of  the  parts  concerned.  This  is  a  true 
hypertrophy,  and  is  not  to  be  confounded  with  inflammatory  increase  of 
connective  tissue  which  will  afterwards  come  frequently  before  us.  The 
increased  transudation,  by  providing  an  increase  of  nutritious  material, 
causes  hypertrophy  of  the  connective  tissue,  which  is  swelled,  and  also 
denser.  This  increased  density  is  often  seen  in  the  heart,  when,  from 
disease  in  its  own  valves,  there  is  a  general  venous  engorgement  in  which 
the  veins  of  the  heart  take  part.  We  see  it  also  very  often  in  the 
kidney  and  in  the  lungs  in  cases  of  valvular  disease.  The  tissue,  as  a 
whole,  is  rendered  hard  and  resistant. 

The  part  which  is  the  seat  of  passive  hypersemia  will  be  imduly  red, 
and  the  colour  will  be  dark  or  livid.  It  will  be  swollen,  Ijoth  from  the 
overfilling  of  the  vessels  and  from  the  oedema,  and  it  will  usually  be 
lowered  in  temperature. 

4.  Local  An.^:mia. — In  this  condition  the  vessels  of  a  part  are  more 
or  less  deficient  in  blood.  It  may  be  due  to  various  causes.  The 
CAPILLARIES  may  be  emptied  by  pressure  on  the  part..  For  instance, 
an  abscess  approaching  the  surface  may,  by  its  pressure,  prevent  the 
blood  reaching  the  capillaries  of  the  skin  and  a  slough  is  the  result.  A 
cavity  in  the  lung  may,  by  undermining  the  pleura,  cause  sloughing  of  it. 
Tumours  or  clots  of  blood,  etc.,  by  their  pressure,  may  cause  anaemia  of 
surrounding  parts,  and  if  the  part  thus  rendered  ansemic  be  a  structure 
whose  function  is  important  to  life,  such  as  the  brain,  serious  results 
may  follow. 

Interference  with  the  arteries  will  produce  ana?mia  if  the  fiow  of 
blood  through  them  be  obstructed.  There  is  such  a  thing  as  spasm  of 
.^rteries— this,  probably,  produces  the  shivering  which  is  so  common  at 
the  outset  of  fevers,  the  arteries  of  the  skin  being  spasmodically  con- 
tracted. So  also  in  some  neuralgias  a  spasm  of  the  arteries  has  been 
seen.  The  application  of  cold  causes  contraction  of  the  arteries— the 
ether  spray  causes  complete  anaemia  by  this  means.  Besides  this,  the 
arteries  may  be  narrowed  by  disease  of  their  coats.  There  is  a  rather 
common  disease  in  small  arteries  which  consists  in  a  thickenmg  of  the 
internal  coat  and  has  somewhat  the  character  of  atheroma.  This  con- 
dition is  often  called  endarteritis  obliterans,  and  is  m  some  cases  a 
syphilitic  manifestation.     It  is  clear  that,  by  reducing  the  calil>re 
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of  arteries,  it  Avill  produce  ansemia.  In  arteries  of  the  brain  atheroma 
produces  narrowing  of  the  caHbre  which  may  be  so  considerable 
as  to  produce  anaemia.  More  frequently,  however,  anaemia  is  produced 
to  a  serious  extent  only  when  blood  coagulates  on  the  atheromatous 
patch  and  completely  occludes  the  arter}'-.  Again,  tumours,  blood-clots, 
■exudations  may  cause  narrowing  of  arteries  by  pressure.  Arteries  also 
may  be  completely  obstructed  by  ligature  or  by  plugging. 

In  considering  the  RESULTS  of  local  anaemia  the  case  of  complete 
closure  of  arteries  will  l)e  here  omitted,  because  it  will  come  up  for 
consideration  under  the  head  of  embolism.  In  cases  where  there  is 
incomplete  obstruction,  some  blood  will  pass  by  the  arteries,  but  the 
capillaries  will  be  imperfectly  filled.  The  part  will  be  pale,  reduced  in 
temperature,  flaccid.  Its  nutrition  will  be  diminished,  and  its  elements 
prone  to  undergo  atrophy  and  degeneration,  and  even,  as  we  have 
already  seen,  necrosis..  The  function  will  be  interfered  with  if  the 
nutrition  is  depreciated.  If  the  anajmia  aflect  an  important  organ  the 
results  may  be  serious.  Thus,  obstruction  of  the  coronary  arteries  may 
cause  paralysis  of  the  heart  from  this  cause.  Again,  antemia  of  the 
blood-vessels  interferes  so  much  with  the  nutrition  of  their  own  walls 
that,  if  after  its  suspension  the  circulation  be  renewed,  the  vessels  may 
rupture  and  serious  htemorrhage  result.  Lastly,  a  local  anaemia  pro- 
duces a  hyperaemia  elsewhere,  but  this  has  already  been  considered 
under  collateral  hyperaemia. 


THEOMBOSIS  AND  EMBOLISM. 

These  two  conditions  are  often  associated,  but  must  be  carefully  dis- 
tinguished. Thrombosis  is  the  coagulation  of  blood  within  the  vessels 
•or  heart.  Embolism  is  the  obstruction  of  a  vessel  by  a  plug  brought 
from  a  distance.  The  coagulum  which  forms  in  thrombosis  is  a  thrombus, 
the  plug  which  obstructs  in  emboKsm  is  an  embolus.  A  thrombus 
detached  from  its  place  becomes  an  embolus,  and  an  embolus,  whether 
consisting  of  coagulum  or  not,  may  grow  by  successive  deposition  of 
clot  or  thrombosis. 


1.  Thrombosis. — In  considering  the  mode  of  occurrence  of  throm- 
bosis, it  is  necessary  to  refer  to  the  conditions  under  which  the  blood 
•coagulates.  According  to  the  views  which  are  identified  with  the  name 
•of  Alexander  Schmidt,  three  agents  are  necessary  for  coagulation,  the 
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fibrinogen,  the  fibrino-plastic  substance  or  paraglobulin,  and  the  fil>i  in- 
ferment.  The  two  former  unite  to  form  fibrine  in  the  presence  of  the 
latter.  The  fibrinogen  is  dissolved  in  the  blood-plasma,  the  paraglobulin 
and  ferment  reside  in  the  white  corpuscles.  It  is  only  by  destruction  of  the 
white  corpuscles  that  the  paraglobulin  and  ferment  are  set  free  ;  so  long 
as  the  white  corpuscles  circulate  in  the  blood  and  remain  alive  fibrine 
cannot  form.  Fibrine  will  form  when  the  conditions  are  such  that  the 
white  corpuscles  are  no  longer  preserved  alive.  Fibrine,  it  will  thus  be 
seen,  is  the  result  of  a  chemical  combination,  and  the  resulting  albumin- 
ous substance,  the  fibrine,  is  not  a  vital  structure  but  a  dead  chemical 
compound.  In  order  to  the  preservation  of  the  white  corpuscles  they 
must  not  be  exposed  to  the  contact  of  dead  matter.  You  may  keep 
blood  fluid  for  a  long  time  if  you  simply  ensure  that  it  is  in  contact 
with  living  tissue.  Lister  long  ago  showed  that  if  an  artery  be  liga- 
tured in  two  places,  and  cut  out  while  full  of  blood,  it  may  be  hung  up 
and  the  blood  will  remain  fluid  for  some  days.  Within  the  body  if  a 
vessel  be  ligatured  carefully  in  two  places,  the  middle  portion  remaining 
in  connection  with  the  living  tissues,  then  the  blood  may  be  kept  fluid 
from  twelve  to  fifteen  days. 

The  main  cause  of  coagulation,  then,  is  the  contact  of  the  white 
corpuscles  with  dead  matter  or  altered  living  tissue.  In  the  hAdng  body 
anything  which  interferes  with  the  integrity  of  the  vessel  wall  or  the 
endocardium  is  likely  to  predispose  to  coagulation.  Stagnation  of  the 
blood  is  often  set  down  as  a  cause  of  coagulation,  but  this  will  act 
chiefly  by  altering  the  vessel  wall,  and  by  keeping  the  white  corpuscles 
removed  from  contact  with  the  living  tissue.  As  it  is  the  endothelium 
of  the  vessels  and  endocardium  which  is  in  most  immediate  contact 
with  the  blood,  it  will  be  interferences  with  it  that  \^dll  conduce  to 
coagulation. 

If  a  portion  of  blood  inside  a  vessel  be  cut  ofi"  from  the  circulation, 
then  it  will  by  and  by  coagulate  just  as  it  does  outside  the  body,  the 
main  agent  in  the  coagulation  being  the  disintegrating  white  corpuscles. 
In  this  way  a  red  thrombus  is  produced.  But  vessels  are  rarely  so 
situated  as  to  allow  of  a  complete  coagulation  such  as  this ;  much 
more  frequently  the  thrombus  is  formed  from  the  blood  which  is 
still  moving,  although,  it  may  be,  slowly,  and  it  is  of  gradual  growth. 
The  formation  of  thrombi  in  the  Hving  vessels  has  been  carefully 
studied  by  Zahn  (Virchow's  Archw,  vol.  Ixii.),  whose  experiments 
throw  much  light  on  the  process. 

The  mesentery  of  a  frog  is  exposed  and  sul>jected  to  microscopic 
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examination.  A  vessel  of  some  size,  an  artery  or  vein,  is  chosen,  and 
its  Avail  in  some  way  injured,  as  by  twitching  it  slightly  with  the 
forceps,  or  placing  a  small  crystal  of  common  salt  near  it.  Very  soon 
white  blood-corpuscles  begin  to  adhere  at  the  injured  part.  As  the 
blood  passes  over  it  successive  layers  of  white  corpuscles  adhere,  and  a 
growing  clump  of  them  is  formed.  Along  with  the  white  corpuscles  a 
stray  red  one  may  be  insinuated,  or  there  may  be  several  red  ones. 
The  clump  so  formed,  be  it  wholly  white  or  partly  mixed  with  red 
corpuscles,  may  be  carried  off,  in  which  case  a  new  one  begins  to  form;, 
but  the  clump  may  remain  fixed  and  be  continuously  enlarged  by  succes- 
sive depositions  of  corpuscles  from  the  circulating  blood.  In  course  of 
time  a  change  occurs  in  the  appearance  of  the  clump,  the  white  corpuscles 
lose  their  individual  outline  to  a  great  extent,  and  the  clump  gathers 
itself  together  into  a  grey  granular  mass  in  which  neither  by  acetic  acid 
nor  by  staining  are  the  majority  of  the  white  corpuscles  to  be  discovered. 
It  has,  indeed,  very  much  the  characters  of  fibrine  which  has  been 
obtained  by  whipping  the  blood  outside  the  body.  The  clump  of  white 
coi'puscles,  in  fact,  by  the  disintegration  of  the  corpuscles  and  the 
attraction  of  the  fibrinogen  from  the  blood  plasma  has  converted  itself 
into  a  fibrinous  coagulum.  All  the  white  corpuscles,  hoM^ever,  are  not 
disintegrated,  some  are  still  recognizable  in  the  mass.  A  similar  mode 
of  formation  is  observed  when  a  vessel  is  injured  by  pricking  with  a 
needle,  or  by  cutting  it.  The  presence  of  foreign  bodies  if  they  are  rough 
on  the  surface  produces  adhesion  of  white  corpuscles  and  their  conver- 
sion into  thrombi  in  similar  fashion,  but  when  smooth  pieces  of  glass 
are  introduced,  there  does  not  seem  to  be  the  same  tendency  to  adhe- 
sion of  the  white  corpuscles.  It  will  be  understood  that  thrombi 
formed  in  this  way  often  contain  a  few  red  corpuscles.  If  by  any 
alteration  in  position,  or  tearing  of  the  clump,  a  channel  is  formed, 
then  the  red  corpuscles  will  be  wedged  in  and  retained.  The  white. 
THROMBI  and  the  mixed  thrombi  are  therefore  to  be  regarded  as. 
forming  a  single  class.  The  red  thrombi  composed  of  the  entire  blood 
form  another  class. 

Having  learned  so  much  as  to  the  formation  of  thrombi,  we  may  be 
prepared  to  consider  the  special  circumstances  under  which  they  occur 
in  actual  cases.  It  may  be  said  that  in  most  cases  of  thrombosis  there 
is  either  such  a  STAGNATION  OF  THE  BLOOD  as  to  cause  a  serious  deteri- 
oration of  the  endothelium,  or  else  some  palpable  injury  to  the. 
VESSEL  compromising  its  endothehum,  and  the  various  thrombi  may  be 
studied  according  as  they  are  formed  in  one  of  these  ways  or  the  other^ 
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^\'llile  in  some  cases  the  action  of  both  may  be  traced.  As  we  have 
already  seen,  the  stagnation  is  rarely  complete,  and  accordingly  the 
thrombi  are  mostly  white  or  mixed,  being  formed  in  the  way  just 
described. 

Thrombi  form  in  the  heart  from  the  blood  stagnating  in  its 
chambers.  This  will  occur  when,  from  any  cause,  the  cavities  of  the 
heart  are  imperfectly  emptied,  as  from  dilatation  or  weakness  of  the 
muscular  substance.  The  coagulation  will  occur  most  readily  in  the 
parts  of  the  cavities  from  which  the  blood  is  least  likely  to  be  emptied 
during  the  imperfect  contractions.  Hence  we  find  them  near  the  apices 
of  the  ventricles  and  in  the  auricular  appendages  more  frequently  than 
elsewhere.  So  also  they  form  most  commonly  behind  the  column* 
carnese,  and  are  frequently  found  peeping  out  between  these  muscular 
columns.  These  thrombi  are  frequently  of  a  pearly-white  colour,  and 
are  never  composed  of  the  whole  blood,  although  they  may  be  brown 
from  admixture  of  red  corpuscles.  As  dilatation  occurs  more  fre- 
quently in  the  right  heart  than  in  the  left,  these  thrombi  (which  were 
called  by  Ltennec,  globular  vegetations)  are  more  frequent  in  the 
right  cavities  than  in  the  left,  although  by  no  means  rare  in  the  left 
ventricle. 

Weakness  of  the  heart  not  infrequently  produces  thrombosis  in 
THE  VEINS.  In  debilitating  diseases,  such  as  typhoid  fever,  phthisis, 
etc.,  the  heart  is  weak  and  the  blood  current  sluggish,  especially  in  the 
veins.  These  thrombi  are,  at  their  commencement,  usually  related 
closely  to  the  A^alves.  In  the  sluggish  state  of  the  circulation  the  valves 
lie  half  closed,  the  force  of  the  blood  being  insufficient  to  press  them 
back  against  the  vessel  wall.  Hence  the  blood  will  stagnate  in  the 
pouches  of  the  valves  and  coagulation  will  begin  there.  Coagula  so 
formed  grow  up  the  veins,  but  even  when  they  have  become  continuous 
they  often  present  a  knotted  condition  from  the  parts  corresponding 
with  the  valves  being  bulkier.  In  such  cases  the  knotted  character  can 
often  be  detected  through  the  skin.  The  coagulation  occurs  primarily 
in  the  larger  veins,  the  femoral,  jugular,  sinuses  of  the  dura  mater,  but 
according  to  Virchow  this  is  only  due  to  certain  local  relations. 

In  the  cases  hitherto  mentioned,  stagnation  of  blood  has  been  the 
primary  factor,  but  in  the  thrombosis  sometimes  occurring  in  the  uterine 
VEINS  after  childbirth  we  have  this  combined  with  a  palpable  injury  to 
the  vessel  wall.  In  some  cases,  after  parturition,  the  uterus  contracts 
imperfectly,  and  the  blood,  stagnating  in  the  uterine  sinuses,  is  apt  to 
coac^ulate.    In  this  case  the  starting  point  of  the  coagulation  is  often 
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the  open  moiitlis  of  the  \eins  on  the  raw  uterine  surface,  which  in 
many  respects  resembles  the  surface  of  a  wound. 

A  more  definite  wound  of  a  vessel  may  induce  coagulation.  The 
coagulation  may  occur  at  the  ruptured  edges,  or  a  clot  may  form  in  the 
efiiised  blood  outside  the  vessel,  and  by  successive  deposition  from  the 
escaping  blood  grow  through  the  gap  into  the  vessel.  In  case  of  hga- 
ture  of  a  vessel  the  internal  and  middle  coats  are  ruptured,  and 
coagulation  occurs  as  in  the  case  of  a  wounded  vessel.  If  stagnation 
already  exists  in  a  vein  a  very  trivial  wound  may  induce  coagulation. 
Thus  in  cardiac  disease  where  passive  hypersemia  has  led  to  oedema,  the 
punctures  made  to  relieve  the  oedema  or  the  ulcers  which  form  spon- 
taneously not  infrequently  lead  to  thrombosis  in  the  veins.  It  is 
important  to  bear  this  in  mind  in  connection  with  the  general  venous 
hyperjemia  of  valvular  disease  of  the  heart. 

Diseases  of  the  vessels  and  heart  which  interfere  with  the  endothelium 
induce  coagulation  on  the  surface.  Thus  acute  endocarditis  produces 
thrombosis  on  the  valvular  structures  of  the  heart,  and  chronic  endo- 
carditis does  so  sometimes  by  the  formation  of  calcareous  plates  which 
may  by  and  by  tear  through  and  expose  themselves  in  the  current. 
Atheroma  of  arteries,  by  causing  roughness  and  ulceration,  or  by  produc- 
ing calcareous  plates,  may  lead  to  coagulation,  which  is  more  serious  in 
such  small  arteries  as  those  of  the  brain,  where  thrombi  may  complete]}' 
obstruct,  than  in  such  a  vessel  as  the  aorta.  The  Avell-known  coagulation 
of  blood  in  Aneurism  is  susceptible  of  similar  explanation.  Here  the 
internal  wall  is  much  altered,  and  usually  deprived  entirely  of  its  endo- 
thelium. Another  occasional  cause  of  thrombosis  is  the  protrusion  of 
TUMOURS  through  the  walls  of  ^^essels.  It  is  very  seldom  that  arteries  are 
thus  involved,  and,  as  we  shall  afterwards  see,  thrombosis  does  not  occur 
in  the  capillaries,  but  veins  are  occasionally  attacked  by  malignant 
tumours  and  their  walls  so  altered  as  to  induce  coagulation. 

Thrombi  which  have  once  formed  are  liable  to  grow.  The 
thrombus  is  composed  of  dead  fibrine,  and  the  surface  is  rough,  so  white 
corpuscles  adhere  and  disintegrate,  and  coagulation  occurs  readily  in 
successive  layers.  In  the  case  of  the  veins  the  blood  will  be  for  the 
most  part  stagnant  above  and  very  often  below  the  thrombus,  and  it  is 
in  these  vessels  particularly  that  they  are  apt  to  grow  very  extensively. 
Thus  a  coagulation  starting  in  the  uterus  may  travel  along  to  the 
internal  and  common  iliac  veins,  and  thence  pass  into  the  veins  of  the 
legs.  In  a  case  observed  by  the  author,  coagulation  had  its  origin  in  a 
cancer  of  the  kidney  which  involved  the  wall  of  the  renal  vein,  and  it 
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■extended  thence  to  the  inferior  vena  cava,  and  to  the  veins  of  both  legs 
which  were  distended  with  old  thrombi. 

In  regard  to  the  character  of  the  thrombi  formed  under  these  various 
circumstances,  it  may  be  said  that  almost  all  are  of  the  white  or  mixed 
character,  as  most  of  them  form  where  the  circulation,  although  it  may 
be  stagnant,  is  not  absolutely  at  a  stand-still.  The  more  the  blood  is  at 
rest,  however,  the  more  is  it  likely  to  contain  red  corpuscles.  It  is  clear 
that  thrombi  forming  at  the  edges  of  a  wounded  vessel  as  the  escaping 
blood  passes  over  them  will  be  white  thrombi,  and,  indeed,  Zahn 
determined  this  in  his  experiments.  Thrombi  forming  on  the  inflamed 
valves,  on  the  diseased  endocardium  or  intima  of  vessels,  or  in  conse- 
quence of  the  projection  of  foreign  bodies  or  tumours,  will  be  white. 
The  globular  vegetations  of  the  heart  are  also  white  or  mixed — the}- 
are,  indeed,  often  of  a  pearly  whiteness,  and  even  those  occurring  in 
veins  from  weakness  of  the  heart  are  largely  composed  of  white  cor- 
puscles. Growing  thrombi  will  be  mainly  white  or  mixed,  but  as  the 
blood  above  and  beneath  a  growing  thrombus  is  usually  at  a  stand-still, 
or  nearly  so,  we  are  apt  in  this  case  to  have  more  nearly  the  entire 
blood  entering  into  the  constitution  of  the  thrombus,  and  these  are  often 
redder  than  most.  The  stratified  clots  in  an  aneurism  are  white  or 
mixed,  and  it  may  almost  be  said  that,  except  in  the  case  of  coagulation 
in  an  aneurism  after  ligature  of  the  artery,  it  is  seldom  that  the  whole 
blood  is  concerned  in  the  formation  of  a  thrombus. 

It  is  important  to  distinguish  THROMBI  which  have  formed  during 
life  from  mere  post-mortem  goagula.  It  will  be  clear  from  what  has 
gone  before  that  the  thrombi  are  mostly  either  white  or  grey,  but  being 
formed  largely  of  white  corpuscles  they  are  of  a  dead  or  opaque  white 
or  grey  appearance.  Post-mortem  clots  are  sometimes  pale  from  the 
sinking  of  the  red  corpuscles  or  otherwise,  but  they  are  gelatinous  and 
smooth  on  the  surface  and  mostly  transparent,  whereas  the  thrombi  are 
firmer,  drier,  more  opaque  and  granular  on  the  surface.  The  thrombi 
also  Jdhere  to  the  wall  to  some  extent,  whereas  the  clots  do  not, 
although  in  the  heart,  from  getting  entangled  among  the  columnar 
came*,  they  may  have  an  appearance  of  adhesion.  Lastly,  the  thrombi 
are  often  stratified,  indicating  their  deposition  in  successive  layers. 

We  have  now  to  consider  the  changes  which  thrombi  undergo 
after  their  formation.  It  is  to  be  remembered  that  the  coagidmn  is 
virtually  a  piece  of  dead  matter,  fibrine  being  merely  a  chemical  com- 
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pound,  not  a  Kving  structure.  There  are  two  directions,  chiefly,  in 
which  thrombi  are  liable  to  change— the  one  is  softening,  and  the  other 
an  apparent  organization. 

Softening  is  a  frequent  result,  especially  in  the  coagula  in  the  heart 
and  veins.  It  should  be  said  that  the  softening  which  occurs  in  connection 
with  pytemia  is  here  left  out  of  account,  as  the  whole  processes  in 
connection  with  this  disease  will  be  studied  afterwards.  The  globular 
vegetations  in  the  heart  frequently  present  very  good  examples  of  soften- 
ing. It  begins  in  the  central  parts  of  the  thrombus,  and  the  coagulum 
breaks  down  into  a  turbid  brownish  juice,  the  softening  extending 
gradually  outwards. 

The  juice  is  often  like  a  mixture  of  pus  and  blood,  or  in  very  white 
thrombi  it  may  be  like  pure  pus.  It  consists  of  the  debris  of  the 
thrombus,  and  no  well  preserved  corpuscles  are  to  be  found  in  it.  The 
softening  may  extend  outwards  till  a  mere  rind  of  clot  is  left,  and  this 
may  give  way  and  cause  the  juice  to  be  launched  into  the  circulation. 
In  veins  also,  softening  may  take  place,  and  here  the  colouring  matter 
of  the  blood  may  be  deposited  in  the  ^ 
form  of  hsematoidin  crystals  (see  Fig. 
5).     Of  course,  where  softening  has 

occurred  there  is  much  more  proba-      ^  ^ 
bility  of  bits  of  the  thrombi  being  torn              ^  ^ 
away  or  carried  forward  so  as  to  pro- 
duce embolism.  ^  ^   

Thrombi,  instead  of  softening,  may 
dry  in  and  shrivel.  In  such  case  we 
may  have  lime  salts  deposited,  and 
even  through  time  the  formation  of  ^ 

li'ffla    of/^mr  w,r.oo,ic      iTr'TXT  cmrMvT-nc.  ^v.              5.— Crystals  of  hsematoidin  found 

little    Stony  masses  —  vein-stones  or    closely  ag^egated  in  the  midst  of  an  old 

PVilpl-inliflia  thrombus  in  a  vein.    The  crystals  have  a 

rmeDOntnS.  deep  red  colour,    x  350. 

The  Organization  of  a  thrombus  is  a  process  of  some  interest.  As 
the  coagulum  is  dead,  it  is  clear  that  it  cannot  take  part  in  the  process 
of  organization.  In  studying  inflammation  this  subject  will  come  up  for 
fuller  discussion,  but  it  may  here  be  stated  that  when  a  piece  of  dead 
animal  substance  is  present  among  the  living  tissues,  the  first  step 
towards  its  absorption  is  usually  its  replacement  by  an  elementary 
tissue,  the  dead  structure  forming,  as  it  were,  a  mould  on  which  the 
new  tissue  forms  itself.  The  constituents  of  the  thrombus  are,  therefore, 
pushed  aside  or  disintegrated  by  masses  of  round  cells  (as  shoM^n  in 
Fig.   6  h) ;  and  at  the  same  time  blood-vessels  springing  from  the 
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\asu  vasorum  extend  into  the  sul)stance  of  the  new-formed  tissue. 
The  thrombus  is  thus  converted  into,  or  replaced  hy,  a  vascular  tissue 

which  subsequently  devel- 
ops into  connective  tissue. 
Like  other  new  -  fonned 
connective  tissue  of  this 
kind,  this  tissue  tends  to 
contract.  The  result  of  this 
sometimes  is  the  drawing- 
together  of  the  walls  of  the 
vessel,  and  the  permanent 
obliteration  of  its  calibre. 
The  vessel  is  thus  converted 
into  a  solid  cord.  In  other 
cases  the  contraction  acts 
on  the  walls  of  the  proper 
vessels  of  the  new-formed 
tissue,  dragging  them  out- 
wards. By  this  means  the 
vessels  are  widened,  and  in 
time  may  come  to  assume 

Fig.  6.— Organization  of  blood-dot.    ff  represents  tlie  clot  „  ,.QiTOT'nmior»>iofQr>toT'  TViic 

little  altered;  red  corpuscles  are  chiefly  seen,  with  a  few  ^  CavernOUS Cnaracter.  XniS 

solid  round  cells,  which  are  like  white  corpuscles,  but  more  ^-^^y  rgsult  in  the  re-estab- 
numerous  than  in  normal  blood.    In  u  the  red  corpuscles  J 

arc  entirely  replaced  by  round  cells.  In  c  the  round  cells  ligbmcnt  of  the  circulation 
have  given  place  to  large  spindles,    x  350.  '  ' 

the  wide  spaces  of  the 
sponge-like  tissue  coming  to  communicate  with  the  regular  calibre  of 
the  vessel.  A  favourite  place  for  the  formation  of  this  cavernous  tissue 
is  the  place  of  union  of  the  iliac  veins  to  form  the  vena  cava.  Here, 
the  vessels  are  sometimes  found  filled  with  a  spongy  tissue  through 
which  the  circulation  is  carried  on.  By  a  still  further  contraction  of 
the  new-formed  tissue,  the  calibre  of  the  vessel  may  be  completely 
re-established,  the  sinus-like  l)lood-channels  expanding  into  the  cahbre 
of  the  vessel. 


Before  leaving  this  subject  of  thrombosis,  it  may  be  well  to  consider 

WHETHER  COAGULATION  OCCURS  IN  THE  LIVING  CAPILLARIES.    It  is  tO  be 

remembered  that  the  deterioration  of  the  endothelium  is  the  proximate 
cause  of  the  coagulation  of  the  blood  in  the  vessels.  The  capillary  wall 
consists  entirely  of  endothelium,  and  the  deterioration  of  it  means  the 
deterioration  of  the  entire  capillary  Avail.    Such  an  interference  with 


THROMBOSIS. 


33 


the  capillaries  as  to  induce  coagulation  will  only  occur  when  actual 
necrosis  takes  place.  Moreover,  as  the  tissues  depend  on  the  capillaries 
for  their  nutrition,  obstruction  by  thrombosis  will  involve  the  death  of 
the  tissues  themselves.  Hence  thrombosis  of  the  capillaries,  or  even 
complete  stagnation  in  them,  may  be  put  out  of  the  question  except  m 
connection  \Hth  necrosis.  The  non-occurrence  of  thrombosis  m  the 
capillaries  is  of  great  practical  consequence.  If  it  were  not  so  the 
thrombi  in  xeins,  growing  against  the  current  as  they  so  readily  do, 
would  gTO^y  into  the  capillaries,  and  through  them  into  the  arteries. 
The  capillaries,  not  admitting  of  this,  form  a  barrier  to  the  extension  of 
the  coagulation.  It  thus  happens  that,  after  extensive  coagulation^  in 
the  veins,  the  circulation  is  largely  maintained  by  arteries,  capillaries, 
and  lymphatics,  and  necrosis  rarely  occurs.  It  is  worthy  of  note  in 
connection  with  this  matter  that  the  blood  found  in  the  capillaries  after 
death  is  nearly  always  fluid. 

In  studying  thrombosis,  we  have  left  out  of  account  all  cases  of  what 
is  called  septic  thrombosis,  where  the  coagulation  arises  in  connection 
with  the  introduction  of  decomposing  material  into  the  veins.  Such 
processes  will  receive  consideration  in  another  part. 

We  have  still  to  consider  the  effects  of  thrombosis.  Apart  from 
the  occurrence  of  emboHsm,  which  may  result  from  thromljosis  any- 
where, it  will  be  mostly  thrombosis  of  the  veins  that  is  followed  by 
serious  results.  The  most  direct  effect  of  obstruction  of  veins  by  thrombi 
is  of  course  passive  hyper.emia  with  its  consequent  (EDEMA.  The 
occm-rence  of  serious  oedema  depends  largely  on  the  extent  of  the  anasto- 
mosis of  the  obstructed  vein,  and  also  somewhat  on  the  rapidity  with 
which  the  thrombosis  has  occurred.  If  the  thrombus  forms  slowly 
the  functions  of  the  plugged  veins  may  be  largely  taken  up  by  the 
lymphatics  and  by  other  veins  which  remain  unaffected.  In  the  case 
already  referred  to,  where  a  cancerous  tumour  in  the  kidney  had  burst 
into  the  renal  veins,  and  thrombosis  had  extended  to  the  vena  cava  and 
down  the  veins  of  both  legs,  there  was  comparatively  little  oedema 
at  any  time,  although  all  the  main  venous  trunks  of  both  legs  were 
plugged.  One  circumstance  renders  this  compensation,  esi)ecially  b}' 
the  lymphatics,  the  easier,  namely  the  fact  that  the  thrombosis  does 
not  extend  into  the  capillaries,  and  consequently  not  into  the  arteries. 
The  cause  of  this  has  been  already  explained,  but  it  is  clear  that  if-^lio 
circulation  is  still  maintained  in  the  arteries  and  capillaries,  the  lymphatic 
circulation  will  not  suffer. 

C 
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It  is  important  to  know  that  these  secondary  efFectn  of  thrombosis, 
and  especially  oedema,  will  not  usually  show  themselves  for  some  time 
after  the  onset  of  the  process.  A  coagulation  beginning  in  a  vein  will 
take  some  time  before  it  completely  obstructs  it,  and  even  when  it  h;t- 
done  so,  it  may  be  necessary  for  it  to  grow  into  other  veins  before  any 
pronounced  oedema  will  develop.  Hence  it  is  that  a  thromT)Osi8  may 
lead  to  embolism  by  detachment  of  portions  of  the  thrombi  Ijefore  it  has 
manifested  its  presence  by  hypersemia  and  oedema. 

Thrombosis  in  veins  seldom  leads  to  Gangrene,  and  in  the  few- 
cases  in  which  gangrene  actually  occurs  some  additional  interference 
with  the  circulation  will  usually  be  discoverable.  Weakening  of  tlie 
heart,  in  conjunction  with  thrombosis,  may  cause  it,  and  so  may  disease 
of  the  arteries  diminishing  the  force  of  the  blood. 

2.  Embolism. — This,  as  we  have  seen,  is  a  process  frequently  associated 
with  thrombosis.  Embolism  will  affect  arteries  or  capillaries,  and,  as  the 
portal  vein  is  distributed  in  the  liver  like  an  artery,  it  is  also  liable  to 
emboKsm.  The  plug  or  embolus  is  most  frequently  a  thrombus  or  a  part 
of  one.  It  may  be  a  bit  of  tumour  which  has  found  its  way  into  a  vessel, 
or  a  foreign  body  which  has  obtained  entrance.  It  may  be  a  piece  of 
cretaceous  material  from  a  degenerated  valve  or  vessel.  It  may  be  a 
parasitic  animal,  as  the  echinococcus,  which  has  found  its  way  into  the 
circulation. 

In  the  case  of  many  arteries  the  effects  of  emboHsm  are  very  trivial. 
The  ANASTOMOSES  are  so  free  that  they  readily  compensate  completely, 
and  the  circulation  is  restored  almost  at  once.  For  the  purposes  of  the 
tissues  it  is  the  capillary  circulation  which  is  of  importance,  and  if 
the  blood,  by  any  route  however  circuitous,  reaches  the  capillaries, 
there  is  no  serious  result. 

When  an  artery  with  free  anastomosis  is  obstructed  by  an  embolus 
there  will  be  at  once  an  increase  of  blood-pressure  on  the  proximal  side 
of  the  plug.  The  anastomosing  branches  by  dilatation  will  reduce  this 
excessive  blood-pressure,  but  the  excessive  blood-pressure  may  itself 
assist  in  opening  up  the  anastomosing  channels.  In  this  way  the  circu- 
lation is  restored.  At  the  seat  of  obstruction  thrombosis  occurs  on  each 
side  of  the  embolus,  and  goes  on  upwards  and  downwards  to  the  nearest 
branches  By  the  organization  of  the  thrombus  the  cahbre  of  the  artery 
is  destroyed  and  the  vessel  reduced  to  a  sohd  cord.  In  this  way 
a  piece  of  artery  is  lost,  and  that  is  all  the  permanent  result. 

It  is  similar  with  CAPILLARY  EMBOLISM.    The  ultimate  result  is  the 
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loss  of  a  piece  of  capillary  between  the  two  nearest  communications. 
At  the  time  of  its  occurrence,  the  embolus  in  a  capillary  will  produce 
very  little  disturbance,  as  the  communications  are  so  free  in  the  capil- 
lary system.  It  sometimes  happens,  however,  that  muUijjle  embolisms 
cause  more  serious  derangements  of  the  circulation. 

It  is  very  different  in  the  case  of  arteries  which  have  no  anas- 
tomoses. There  are  parts  of  the  body  in  which  the  arteries  are  distri- 
buted to  a  perfectly  definite  piece  of  tissue,  and  have  no  anastomotic 
connections.  In  the  case  of  such  arteries,  to  which  Cohnheim  gives  the 
name  of  End  Arteries,  the  results  of  obstruction  are  very  serious. 
The  part  is  entirely  deprived  of  its  blood  supply  through  the  arteries, 
and  if  any  blood  reaches  it,  it  must  be  by  the  connection  with  neigh- 
bouring capillaries  or  by  the  veins.  The  most  direct  result  of  obstruc- 
tion of  an  end  artery,  therefore,  is  anfemia,  and  consequent  death  or 
necrosis  of  the  tissue.  But  there  are  some  cases  in  which  an  apparent 
exception  to  this  occurs ;  there '  is  the  necrosis,  but  instead  of  anaemia 
there  is  an  excessive  engorgement  with  l)lood.  This  is  very  well  seen 
in  the  case  of  the  lung,  where  embolism  often  produces  the  hsemorrhagic 
infarction.    We  have  to  consider  how  this  is  to  be  explained. 

Cohnheim's  experiments  in  elucidation  of  the  pathology  of  em- 
bolism are  of  such  importance  in  this  regard  that  more  particular 
reference  to  them  may  be  here  permitted.  The  subject  of  experiment 
was  the  tongue  of  the  frog.  The  two  main  lateral  arteries  of  the  tongue 
are  not  end  arteries,  but  their  lateral  branches  are.  Cohnheim  intro- 
duced little  blackened  pellets  of  wax  into  the  division  of  the  aorta 
which  communicates  with  the  arteries  of  the  tongue,  and  these  Avere 
sometimes  carried  to  the  tongue,  obstructing  the  arteries  there.  Some- 
times one  pellet  obstructed  the  anastomosing  branch  between  the  main 
arteries  while  another  stuck  in  one  of  the  main  arteries,  so  that  the  latter 
was  converted  into  an  end  artery.  Whether  a  main  artery  thus  con- 
ditioned or  a  plugged  lateral  branch  was  observed,  the  process  was  virtu- 
ally the  same.  The  blood  was,  immediately  after  the  plugging,  at  a 
standstill,  in  artery,  vein,  and  capillaries.  These  vessels  might  be 
moderately  full  of  blood  or  might  contain  only  blood  plasma.  Soon,  how- 
ever, a  backward  flow  of  the  blood  from  the  veins  was  observed  (diagram- 
matically  shown  in  Fig.  7),  and^by  and  by  this  produced  an  engorgement 
of  the  entire  vessels,  veins,  capillaries,  and  arteries.  After  a  time  a  re- 
markable diapedesis  began  to  manifest  itself  through  the  capillaries  into 
the  surrounding  tissue,  which  became  engorged  with  blood.  The 
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l>ortion  of  tissue  concerned  would,  in  accordance  with  the  area  of  dis- 
tribution of  the  artery,  he  wedge-shaped,  and  the  result  was  a  wedge- 


Fig.  7.— DiiigT-iun  of  conditions  foUowiug  eiulwlism  of  aw  end  arterj'. 
In  the  figure  to  the  left  the  state  of  anasmia  immediately  after  the  em- 
bolism is  shown.  In  the  other  figure  the  regiu-gitant  cun-ent  from  the 
vein  is  indicated  (after  Cohnhf.im). 

shaped  red  pulpy  piece  of  tissue,  "not  unlike  a  blood  clot— tlio 
HEMORRHAGIC  INFARCTION.  If  the  frog  survived,  the  piece  of  tissue 
by  and  by  sloughed  off. 

The  explanation  of  these  phenomena  is  not  very  difficult.  The 
obstruction  of  the  artery  reduces  the  pressure  in  the. vessels  supplied  by 
it  to  nothing.  The  veins  are  still  in  open  communication  with  the 
veins  of  the  part,  in  which,  although  the  blood-pressure  is  low,  it  is 
still  something.  Accordingly,  the  backAvard  flow  occurs  from  the  veins 
to  the  capillaries,  and  so  to  the  olistructed  artery.  Thus  the  engorge- 
ment of  the  vessels  is  not  difficult  to  explain.  The  diapedesis  is  to  be 
referred  to  the  fact  that  the  capillaries,  being  deprived  of  blood,  ha\  e 
the  integrity  of  their  walls  impaired.  We  have  already  seen  that  passi\  c 
hyperemia  produces  diapedesis,  owing  to  interference  A\dth  the  capillaiy 
wall.  Much  more  serious  is  the  nutritive  deterioration  in  this  case,  and  so 
the  diapedesis  is  very  great,  leading  to  a  marked  infiltration  of  l)lo<.d 
into  the  tissues  around.  The  deprivation  of  fresh  blood  causes  death 
of  the  tissue,  which  here,  as  it  is  an  external  part,  sloughs. 

In  applying  these  facts  to  human  pathology  we  ha^•c  to  consider,  iu 
the  first  place,  what  arteries  of  the  body  are  end  arteries.  These  aiv 
the  renal  and  splenic  arteries  and  their  branches,  the  nutritive  arteries 
of  the  brain,  the  central  retinal  artery,  the  pulmonary  artery  and  its 
branches,  to  which  we  may  add  the  portal  vein,  as  in  its  relations  an 
end  artery     We  have  not,  in  all  of  these,  the  typical  haemorrhagic  m- 
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farction,  and  it  is  necessary  to  consider  each  individual  case  separately, 
and  endeavour  to  explain  the  divergencies  which  the}'  present,. 

Embolism  in  the  lungs  frequently  presents  the  most  tyi»ical 
lifeniorrhagic  infarction,  hut  it  has  been  known  since  Virchow's  impor- 
tant researches  that  embolism  of  the  jjulmonary  artery  does  not  alwa}  s 
lead  to  its  formation.  In  the  same  lung  you  may  have  a  number  of 
obstructed  arteries,  in  connection  with  some  of  which  there  is  the 
liaemorrhagic  infarction,  while  in  the  case  of  others  it  is  entirely 
al)sent.  This  apparent  j)uzzle  is  explained  when  we  come  to  consider 
more  closely  the  relations  of  the  circulation  in  the  lungs.  It  has  already 
been  said  that  it  is  the  circulation  in  the  capillaries  that  is  of  conse- 
(|uence  in  considering  the  results  of  embolism,  and  we  know  that  the 
capillaiies  everywhere  anastomose  freely  with  each  other.  It  is  con- 
ceival)le,  therefore,  that  the  anastomosis  of  the  capillaries  might  come 
to  act  like  an  arterial  anastomosis,  and  that  the  circulation  mmht 
be  maintained  through  the  capillaries.  In  the  lung  the  capillaries  of 
the  pulmonary  artery  are  wider  than  those  of  most  other  parts,  and  so 
the  loss  of  force  by  friction  will  be  less  than  elsewhere.  There  is,  be- 
sides, less  tendency  to  necrosis  of  the  tissue  here,  as  the  connective 
tissue  of  the  lung,  the  bronchi  and  the  larger  vessels,  are  supplied  Avith 
blood  by  the  bronchial  arteries.  In  some  cases,  then,  the  circulation  in 
the  capillaries  behind  the  plug  is  sufficient  to  maintain  the  capillary 
wall  and  prevent  the  formation  of  the  haemorrhagic  infarction,  and, 
indeed,  experiment  seems  to  show  that  in  normal  animals  embolism 
seldom  results  in  the  infarction. 

If  we  consider  the  usual  situations  of  the  ha-morrhagic  infarctions  of 
the  lung  we  shall  olitain  still  clearer  views  on  the  subject.  If  an 
artery  is  obstructed  near  the  root  of  the  lung,  then  the  capillaries  of 
the  piece  of  tissue  concerned  will  be  in  communication  on  all  sides  Avith 
capillaries  in  which  the  circulation  is  still  active.  The  piece  of  tissue 
IS,  as  it  were,  buried  in  the  spongy  lung  substance  Avhose  capillaries  are 
filled  with  actively  moving  blood.  It  is  not  surprising  that,  in  this 
case,  the  capillary  circulation  in  the  aflfected  piece  of  tissue,  although 
rendered  sluggish,  is  still  maintained ;  the  movements  of  respiration 
also  assisting  in  maintaining  the  circulation.  In  accordance  with 
these  considerations  the  hemorrhagic  infarction  seldom  occurs  in 
the  central  parts  of  the  lung.  But  if  the  obstructed  artery  has  a 
penpheral  distribution,  if  the  piece  of  tissue  is  covered  on  one  side 
by  the  pleura,  or  if,  l)eing  situated  at  the  edge  of  the  lung,  it  has 
two  sides  covered  by  pleura,  or  even,  being  at  the  edge  of  a  lobe  as 
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well  as  of  the  hiiig,  it  has  three  sides  covered  with  pleura,  then  it  will 
be  in  a  nuich  less  favourable  ])osition.    On  one,  two,  or  three  of  its 
sides  the  capillaries  are  not  in  communication  with  other  capillaries  in 
which  the  circulation  persists.    It  is  not  surprising,  therefore,  that  the 
hjemorrhagic  infarction  is  nearly  always  peripheral,  and  that  it  fre- 
quentl}'  has  its  seat  at  the  edge  of  the  lung,  or  at  the  edge  of  a  lobe. 
The  infarction  is  wedge-shaped,  and  it  is  interesting,  in  relation  to  the 
points  we  are  considering,  to  observe  that  the  plug  is  usually  not 
exactly  at  the  apex  of  the  wedge  but  a  certain  distance  nearer  the 
heart,  so  that  sound  tissue  intervenes  between  the  beginning  of  the 
plug  and  the  infarction.    The  explanation  of  this  is,  that  in  the  neigh- 
bourhood of  the  plug,  that  is  to  say,  at  the  apex  of  the  conical  piece  of 
tissue  supplied  by  the  artery,  the  tissue  is  still  surrounded  on  all  sides 
by  capillaries  in  which  the  circulation  is  active,  and  for  a  certain  dis- 
tance this  is  sufficient  to  carry  on  the  circulation.    It  may  even  be  said 
that  all  around  the  periphery  of  the  infarction,  so  far  as  it  is  in  connec- 
tion with  lung  tissue,  there  Avill  be  a  zone  in  which  the  surroundmg 
capillaries  keep  up  the  circulation  in  the  affected  capillaries,  and  that 
the  actual  infarction  is  less  in  all  these  directions  than  the  area  of  dis- 
tribution of  the  oljstructed  arter}-. 

It  appears  that  if  the  heart  is  of  normal  strength,  it,  with  the  move- 
ments of  respiration,  is  capable  of  maintaining  the  circulation  in  the 
capillaries  even  when  a  peripheral  branch  is  the  seat  of  emliohsm,  and  it 
is  mostly  in  cases  of  weakness  of  the  heart,  or  when  the  pulmonary  cir- 
culation is  already  in  a  state  of  engorgement,  or  where  multiple  embo- 
lisms obstruct  numerous  neighbouring  trunks,  that  the  infarction  occurs. 
When  emboHsm  occurs  in  the  pulmonary  artery,  there  will  always  be 
stagnation  of  the  blood,  and  even  if  the  hajmon-hagic  infarction  does  not 
form,  there  will  be  great  interference  with  the  circulation. 

In  the  case  of  the  SPLEEN  there  are  no  such  compensating  condi- 
tions as  in  the  lung,  and  here  the  ha?morrhagic  infarction  seems  to  occur 

with  great  uniformity-  ' 

In  the  KIDNEY,  emboHsm  always  produces  necrosis  of  a  wedge-shapecl 
piece  of  tissue,  but  even  in  recent  emboHsm  this  is  not  always  engorged 
with  blood.  The  very  wideness  and  freeness  of  communication  of  thr 
capillaries  in  the  lung  which  so  frequently  prevents  the  formation  of  th. 
hsemorrhag-ic  infarction  mil  ensure  that  when  it  does  occur  there  will  W 
a  very -reat  engorgement  of  the  vessels  and  abundant  diapedesis.  In 
the  case  of  the  kidney,  the  capillaries  are  smaller,  and  their  communis, 
tions  with  the  veins  more  circuitous,  and  so  it  often  happens  that  necrosis 
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occurs  before  the  backward  flow  has  been  estal^hshed.  In  that  case  the 
whole  wedge-shaped  piece  of  tissue  coagulates  into  a  solid  mass  (see 
Fig.  8).  This  is  an  instance  of 
the  so-called  coagulation  necrosis, 
which  we  shall  have  a  better  op- 
portunity of  studying  afterwards. 
We  may  have,  therefore,  a  hard, 
sohd,  whitish  wedge,  instead  of  a 
hjemorrhagic  infarction.  A  true 
hsemorrhagic  infarction  is  some- 
times met  with,  especially  when  a 
small  artery  is  obstructed. 

In  the  case  of  the  brain,  ne- 
crosis of  the  tissue  occurs,  and 
sometimes  so  rapidly  that  the 
capillaries  are  rendered  incapable 

of  receiving  the  blood  liefore  the  the  wedge-shaped  piece  of  tissue  affected  (after 

backward  flow  from  the  veins  is  ^'^^'^^^^ 

sufficient  to  cause  engorgement.  The  necrosis  here  does  not  result  in 
coagulation  of  the  tissue,  but  in  its  softening,  so  that  as  a  result  of 
embolism  of  the  brain  we  have  softening,  which  may,  or  may  not,  be 
accompanied  by  haemorrhage,  but  is  never  associated  with  very  consi- 
derable bleeding.  Embolism  of  the  retina  is  similar  to  that  of  the  brain. 

We  have  still  to  consider  the  case  of  the  portal  vein,  which,  in  its 
distribution,  is  comparable  to  an  end-artery.  The  conditions  here,  how- 
ever, are  peculiar,  inasmuch  as  the  liver  is  supplied  with  blood  from 
the  hepatic  artery  as  well  as  from  the  portal  vein.  ■  It  has  already  been 
more  than  once  noted  that  it  is  the  condition  of  the  capillaries  which  is 
of  importance  in  relation  to  the  hsemorrhagic  infarction.  A  study  of  the 
circulation  in  the  liver  shows  that  when  the  portal  vein  is  closed,  blood 
still  passes  from  the  hepatic  artery  into  the  hepatic  capillaries.  The 
hepatic  artery  supplies  blood  to  the  connective  tissue,  the  walls  of  the 
ducts  and  larger  blood-vessels  of  the  liver.  The  capillaries  from  these 
are  collected  into  veins  which  open  into  the  interlobular  veins,  which,  of 
course,  are  the  terminals  of  the  portal  vein.  So  that  when  the  portal 
vein  is  obstructed  the  blood  from  the  hepatic  artery  passes  into  the  inter- 
lobular veins,  thence  into  the  hepatic  capillaries,  and  so  on  into  the 
intralobular  and  hepatic  veins.  The  capillaries  of  the  portal  system  are 
thus  kept  supplied  with  blood,  and  their  nutrition  does  not  suffer.  Ex- 
periment has  even  shown  that  when  the  entire  portal  vein  is  obstructed 


itr.  S.— Embulic  iufurction  of  kidney,  showii\g 
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the  secretion  of  })ile  is  not  entirely  at  a  standstill  ;  the  Ijlood  of  the 
hepatic  artery  affording  material  for  a  limited  production. 

It  has  been  said  that  the  ha;morrhagic  infarction  forms  in  the  case 
of  end-arteries,  but  there  is  an  apparent  exception  to  this  in  the  case  ot 
the  SUPERIOR  MESENTERIC  ARTERY.    If  the  superior  mesenteric  artery 
or  one  of  its  larger  branches  be  obstructed,  haemorrhage  occurs  in  the 
intestine  and  mesentery,  and  the  portion  of  gut  suffers  necrosis,  but  it 
is  well  known  that  the  anastomosis  of  the  mesenteric  arteries  is  toler- 
ably free.    The  explanation  of  this  apparent  anomaly  has  been  worked 
out  by  Cohnheim  and  his  pupils  in  a  A^ery  interesting  manner.  As 
a  rule,  it  may  be  said  that  main  stems  have,  in  proportion  to  their  size, 
much  less  considerable  anastomotic  communications  than  the  smaller 
branches.    Thus  the  anastomotic  communications  of  the  ihac  or  femoral 
artery  are  proportionally  much  less  considerable  than  those  of  the  tiljial 
or  of  smaller  arteries  still,  and  the  anastomoses  of  the  superior  mesen- 
teric are  much  less  voluminous  in  proportion  than  those  of  its  branches 
nearer  to  the  gut.    If  the  main  stem  be  obstructed,  therefore,  the 
restoration  of  the  circulation  occurs  much  more  slowly  than  when  a  small 
stem  is  the  seat  of  obstruction.    Another  illustration  of  this  is  afforded 
by  embolism  of  the  femoral  artery.    The  temperature  falls  rapidly,  the 
limb  is  numb  and  half -paralysed,  and  this  is  doubtless  due  to  insufficient 
supply  of  blood  by  the  artery.    It  takes  some  days  before  the  collateral 
vessels  dilate  sufficiently  to  restore  the  temperature  and  function  of  the 
limb.    The  contrast  is  very  great  when  a  small  stem  is  obstructed ;  m 
that  case  comparatively  little  inconvenience  is  suffered,  and  recovery  is 
rapid,  unless,  indeed,  several  small  stems  are  simultaneously  affected,  in 
which  case,  as  we  shall  afterwards  see,  the  results  may  he  very  serious. 
It  is  similar  in  the  case  of  the  superior  mesenteric  and  its  larger 
branches.    Obstruction  here  is  slowly  recovered  from,  and  for  a  time 
the  circulation  is  virtually  at  a  standstill.  f 

But  here  a  very  important  element  comes  into  consideration.  The 
vessels  of  all  parts  of  the  body  are  not  equally  resistant.  Those  of  the  j 
skin  and  muscles  (and  here  it  is  of  course  the  capillaries  and  small  vems 
that  are  concerned)  are  peculiariy  resistant,  and  are  able  to  stand  a 
considerably  prolonged  deprivation  of  blood.  It  is  different  ^^nth  thos. 
of  the  intestines.  In  order  to  test  the  vulnerability  of  the  vessels  of  tlir 
intestine,  the  following  experiment  was  made.  A  ligature  was  tied  on 
the  superior  mesenteric  artery,  and  the  precaution  was  taken  of  tying  i 
over  leather,  so  that  it  might  not  destroy  the  vessel,  and  thus  admit  ot 
its  bein.r  subsequently  unloosed.    It  was  found  that  if  after  two  to  tw.- 
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and  a  half  hours  the  ligature  was  untied,  htemorrhage  occurred  from  the 
capillaries.  The  meaning  of  this  is  that  within  this  period  the  depriva- 
tion of  blood  so  seriously  disorganizes  the  capillaries  that  they  are  no 
longer  able  to  prevent  the  escape  of  blood  at  the  normal  pressure.  A 
much  longer  time  is  required  in  order  to  the  occurrence  of  haemorrhage 
at  the  pressui'e  of  the  venous  blood  ;  a  period  of  ten  to  twelve  hours  is 
needed.  But  it  was  found  that  for  the  establishment  of  the  collateral 
•circulation  a  period  exceeding  even  this  was  required,  namely  fourteen 
hours.  Accordingly,  before  the  anastomosis  can  be  established,  the 
backward  flow  from  the  veins  has  already  begun,  and  even  the  dia- 
jjedesis.  The  re-estabhshment  of  the  circulation  even  increases  the 
tendency  to  haemorrhage,  as  it  subjects  the  blood  to  a  higher  pres- 
sure than  that  of  the  venous  lilood.  The  experiments  referred  to 
showed  that  when  the  superior  mesenteric  artery  is  obstructed  the 
haemorrhagic  infarction  forms  with  a  backward  flow  from  the  veins  just 
as  in  other  cases. 

It  will  be  obvious  that  ARTERIES  POSSESSING  FREE  ANASTOMOSES 
MAY  BE  REDUCED  TO  THE  CONDITION  OF  END-ARTERIES  if  their  anas- 
tomoses are  no  longer  available.  If,  as  sometimes  happens,  an  emljolus 
passing  to  the  leg  breaks  up,  say,  by  being  propelled  against  a  bifurca- 
tion, and  is  scattered  to  a  number  of  stems  simultaneously,  then 
the  circulation  will  be  re-estabhshed  very  slowly  or  not  at  all,  and 
necrosis  is  hable  to  occur,  especially  if  the  circulation  is  already  feeble. 
Thus,  we  may  have  gangrene  of  the  toes  occurring  in  this  way.  It 
is  to  be  added  that  in  old  people  obstruction  of  a  number  of  arteries 
sometimes  occurs  from  thrombosis  as  a  result  of  atheroma,  and  this 
may  likewise  lead  to  necrosis. 

Hitherto  we  have  considered  only  the  more  immediate  results  of  em- 
bolism in  end-arteries,  we  have  still  to  pass  under  review  the  further 
OONSEQUENOES.  We  have  seen  that  the  regular  result  is  necrosis  of  the 
piece  of  tissue  concerned  with  or  without  the  occurrence  of  haemori'hage. 
In  the  case  of  the  lungs  there  is  a  doubtful  exception  to  the  uniform 
necrosis  of  the  piece  of  tissue.  The  lung  tissue  is  nourished  to  a  great 
extent  by  the  bronchial  artery,  and  obstruction  of  a  branch  of  the 
pulmonary  artery  will  not  interfere  Avith  the  nutrition  of  the  connective 
tissue  stroma  and  the  bronchi,  and  it  is  probable  that  only  a  partial 
necrosis  occurs.  The  air  vesicles,  however,  are  nourished  by  the 
capillanes  of  the  pulmonary  artery,  and  it  is  to  be  expected  that,  for 
the  most  part,  these  at  least  will  either  necrose  or  atroph3^     As  a 
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matter  of  fact  the  whole  infarction  often  undergoes  necrosis,  and  in 
cases  of  haeniorrhagic  infarction  of  the  hing  which  recover,  symptoms 
like  those  of  phthisis  sometimes  develop,  and  lung  tissue  has  l)een 
known  to  be  spit  up.  As  the  necrosed  lung  tissue  is  disposed  of,  a 
cicatrix  will  take  its  place.  In  the  case  of  the  spleen  and  kidney,  the 
solid  infarctions  are  gradually  absorbed  (see  Fig.  9)  like  foreign  animal 


matter  in  the  living  body  genenUly,  a  .reliminavy  decolorisation  fct 
occurring.  Their  place  is  taken  l,y  cicatrices  m  the  midst  of  vhich. 
oven  at ;  late  date,  little  pieces  of  sohd  cheesy-looking  matenal  may 
often  be  seen.  The  softened  hrain  tissue  is  also  ahsorhed,  and  a 
c  catrix  or  a  cyst  takes  its  place.  So  is  it  with  the  retma,  the  piece  of 
sue  is  lost  and  absorbed.  In  the  ca.e  of  the  supenor  meseiiterK. 
Irte^  he  slough  of  the  bowel  and  haemorrhage  lead  on  iiiostly  to  a 
f^  ;es«lt,  but  cases  do  occur  in  which,  after  the  .separation  of  a 
slough,  an  ulcer  is  left  which  may  ultimately  cicatrize. 

We  have  still  to  consider  two  rarer  foms  of  embolism,  namely,  by 
OlJnd  by  Ar    Oil  or  fluid  fat  not  unfrec,ucntly  gets  into  the  blood- 
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vessels.  It  does  so  where,  hy  fracture  of  a  bone  or  injury  to  the  sub- 
cutaneous adipose  tissue,  the  fat  cells  in  the  bone  marrow,  or  adipose 
tissue  are  broken  uj)  so  as  to  set  free  the  oil,  and,  at  the  same  time, 
the  vessels  and  esjjecially  the  veins  are  laid  open  so  as  to  absorb  the 
oil.    Oil  also  occurs  in  the  blood  in  cases  of  diabetes,  and,  as  in  Fig.  10, 


Fig.  10.— Oil  embolism  of  lung.  The  fat  is  seen  in  larger  and  smaUer  drops  in  branches 
of  the  pulmonary  artery  (a  a)  as  well  as  in  the  capillaries.  From  an  osniic  acid  prepara- 
tion (Sanders  and  Hamilton). 


may  produce  embolism.  The  oil  is  carried,  of  course,  to  the  right 
heart,  and  on  into  the  lungs  where  it  sticks  in  the  capillaries  and  the 
smallest  arteries.  If  the  capillaries  are  obstructed  at  considerable 
intervals  then  no  evil  results,  the  anastomosis  being  so  free  that  no 
serious  disturbance  occurs,  and  the  oil  itself  does  not  irritate.  But,  if 
a  considerable  number  of  small  arteries  near  each  other  be  obstructed 
or  even  a  large  number  of  capillaries,  we  may  have  a  condition  resem- 
bling the  hsemorrhagic  infarction.  It  has  been  found  on  experiment 
that  abundant  fat  embolisms  in  the  ear  of  a  rabbit,  by  obstructing  numer- 
ous capillaries,  may  lead  to  necrosis.    In  some  cases  the  oil  may,  to 
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some  extent,  pass  through  the  hing  capillaries,  and  it  is  found  mostly 
in  the  Malpighian  tufts  of  the  kidney,  one  or  two  loops  heing  here  and 
there  filled.  There  are  a  few  rare  cases  on  record  in  which  extensix  e 
ond)olism  has  occurred  in  the  smallest  vessels  of  the  brain,  conjuncti\  a, 
skin,  muscles,  heart,  intestines,  liver,  and  kidneys,  and  has  appar'cntly 
been  the  cause  of  death. 

It  is  well  known  that  the  admission  of  a  considerable  quantity  of  air 
into  veins  near  the  heart  often  leads  to  a  fatal  result,  and  some  have 
supposed  that  embolism  in  the  hmgs  is  the  cause.    It  need  hardly  be 
said  that,  as  the  pressure  in  the  veins  near  the  heart  is  very  low,  and 
there  is  even  a  degree  of  suction  during  inspiration,  there  is  great 
danger  in  opening  such  a  vein  as  the  jugular.    In  regard  to  the  cause 
of  death  in  these  cases  it  is  important  to  notice  that  a  repeated  admis- 
sion of  small  quantities  of  air  does  not  produce  serious  results,  whereas 
ii  single  large  admission  is  rapidly  fatal.     This  hardly  looks  as  if 
<^mbolism  were  the  cause,  and,  as  a  matter  of  fact,  the  air  is  found  after 
death  mainly  in  the  right  auricle  and  ventricle,  which  are  usually 
enormously  dilated.    The  fact  seems  to  be  that  the  right  ventricle,  in 
contracting,  merely  squeezes  together  the  elastic  air  Avhich  again  ex- 
pands during  the  diastole.    The  force  of  the  heart  is  thus  fruitlessly 
expended  and  the  blood  is  not  sent  into  the  pulmonary  artery.  More- 
over, the  over-distension  of  the  right  auricle  with  air  prevents  the 
admission  of  blood  from  the  vense  cavae.    Thus  the  circulation  is  at  a 
standstill  and  death  results. 


H^MOEEHAGE. 


This  is  the  escape  of  blood  from  the  hving  vessels  or  the  heart.  It 
may  take  place  in  minute  drops,  perhaps  frequently  repeated,  or  in 
larger  quantities.  The  blood  may  pass  outside  the  body  or  make  a  place 
for^itself  and  form  an  extravasation  inside  the  body,  or  it  may  infiltrate 
the  rissues  over  a  considerable  area,  forming  an  ecchymosis. 

From  what  has  gone  before  it  will  be  understood  that  there  are  two 
forms  of  haemorrhage  which  should  be  kept  apart,  namely  that  by  rupturk 
OF  VESSELS  and  that  by  DiAPEDESis.  The  former  may  eflfect  any  size  or 
kind  of  vessel,  and  when  it  occurs  there  will  be  an  escape  of  the  whole 
blood.  The  latter  occurs  only  in  the  finest  vessels,  mainly  the  capillar- 
ies and  it  is  chiefiy  the  red  corpuscles  which  escape,  and  with  them,  of 
course  some  fluid,  but  the  fluid  has  not  the  constitution  of  the  entire 
blood-plasma.    These  two  forms  of  haemorrhage  are  different  not  only 
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ill  kind  but  in  the  causes  which  lead  to  them,  and  yet  in  some  cases  it 
may  be  difficult  to  determine  which  is  the  form  present. 

Taking  first  the  case  of  haemorrhage  by  rupture,  it  is  most  obviously 
produced  by  some  agent  acting  on  the  vessel  from  without,  as  in  the 
case  of  a  wound  by  a  weajjon  or  a  piece  of  broken  bone,  etc.    Then  also 
ulceration  may  cause  penetration  of  a  vessel.     Disease  of  the  walls  of 
vessels,  or  of  the  heart,  may  lead  to  rupture,  as  aneurism,  atheroma,  varix. 
It  may  here  be  said  that  new-formed  vessels,  whether  in  inflammations, 
or  in  tumours,  are  peculiarly  pi'one  to  rupture,  presumably  from  the 
thinness  of  their  walls.    There  are  further  some  cases  of  haemorrhage  in 
wliich  we  have  to  assume  some  change  in  the  vessels  arising  from  an 
altered  condition  of  the  blood,  as  the  cause  of  haemorrhage,  and  in  most  of 
these  cases  it  is  doubtful  whether  the  haemorrhage  takes  place  by  rupture 
or  by  diapedesis.    In  scurvy  there  is  a  deterioration  of  the  blood  which 
presumably  has  a  direct  effect  on  the  structures  comprising  the  vessel-wall. 
The  haemorrhage  here  is  probably  by  rupture,  judging  from  the  rapidity 
with  which  sometimes  large  extravasations  occur,  but  it  is  not  impossi- 
ble that  it  may  be  by  diapedesis.    In  purpura  haemorrhagica  (or  morbus 
maculosus  Werlhofii)  there  is  also  haemorrhage  traceable  to  weakening  of 
the  walls  of  the  vessels  from  a  change  in  the  constitution  of  the  blood. 
In  anaemias  and  leukaemia,  haemorrhages  are  very  frequent,  and  doubt- 
less the  altered  constitution  of  the  blood  has  to  do  with  it.    In  these 
the  haemorrhage  is  probably  by  diapedesis.    Alteration  of  the  constitu- 
tion of  the  blood  is  also  frequently  a  cause  of  ha3morrhage  in  the  acute 
specific  fevers.    The  petechia?  of  typhus,  and  the  frequent  ha3morrhages 
in  small-pox  are  examples,  the  latter  being  often  so  marked  as  to 
warrant  some  cases  being  called  haemorrhagic  small-pox. 

In  the  haemorrhagic  diathesis  there  is  a  pecuHar  fragility  of  the  walls 
of  the  vessels,  and  this  is  doubtless  congenital  and  often  inherited.  In 
such  persons  a  slight  injury  produces  rupture,  and  there  is  difficulty  in 
getting  the  haemorrhage  stopped.  Even  a  temporary  excess  of  pressure 
in  the  vessels  may  lead  to  haemorrhage  in  these  cases. 

In  poisoning  by  phosphorus  the  vessels  become  fatty,  and  there 
IS  a  tendency  to  haemorrhage,  but  whether  by  rupture  or  by  diapedesis 
is  unknown. 

Of  haemorrhages  un<luubte.lly  ],y  diapedesis  we  have  already  con- 
sidered  two  good  examples,  in  passive  hyperaimia  and  the  haemorrhagic 
infarction.  In  inflammation  also  there  is  escape  of  the  blood  coriniscles 
ny  the  same  method. 

We  have  next  to  consider  the  stoppage  of  H^iMORRHAciK,  and  in 
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regard  to  diapedesis  it  is  clear  that  it  will  cease  when  its  cause  ceases  to 
act.  There  is  in  this  case  no  rupture  of  the  vessel,  and  so  soon  as 
circumstances  restore  the  vessel  to  its  normal  state  of  impermeability  to 
the  blood  corpuscles  the  haemorrhage  will  cease.  In  the  case  of  hae- 
morrhage by  rupture,  the  problem  is  more  complicated,  and  various 
elements  enter  into  it.  It  is  well-known  that  such  haemorrhages  tend 
to  cease  spontaneously,  and  we  have  now  to  see  how  that  result  comes 
about. 

The  direct  means  of  stoppage  is  coagulation  of  blood,  so  that  a 
thromlms  obstructs  the  orifice.    The  thrombus  may  form  at  the  rup- 
tured edges,  or  the  blood  may  coagulate  outside  the  vessel,  and  the 
coagulum  by  successive  deposition,  grow  in.    The  actual  thrombus,  as 
it  is  formed  by  flowing  blood,  will  be  a  Avhite  or  mixed  one.  The 
stiUing  of  the  hemorrhage  being  directly  the  result  of  thrombosis,  it  is  to 
be  added  that  various  circumstances  favour  the  formation  of  the 
thrombus,  and  aid  in  preventing  its  displacement.    These  circumstances 
are  for  the  most  part  the  direct  results  of  the  haemorrhage  itself.  In 
the  first  place  as  a  haemorrhage  proceeds  the  white  corpuscles  become 
proportionately  excessive,  and  this  is  itself  favourable  to  the  formation 
of  thrombi.    In  the  case  of  an  artery  again,  the  narrowing  of  the 
ruptured  orifice  by  contraction  of  the  muscular  coat  favours  the  stdhng  of 
the  haemorrhage,  and  so  does  its  retraction  Avithin  its  sheath,  thus 
leaving  a  space  in  which  a  clot  has  room  to  form.    This  contraction  of 
the  muscular  coat  is  brought  about  in  the  first  instance  by  the  stimulus 
of  the  agent  which  caused  the  rupture,  and  it  will  be  kept  iip  by  the 
irritation  of  the  blood  on  the  exposed  and  torn  structures.    Then  the 
bleeding  as  it  progresses  leads  to  anemia,  and  this  m  two  different 
ways  assists  in  stilling  the  haemorrhage.    It  causes  weakness  of  the 
heart,  and  so  the  arterial  pressure  is  reduced  and  the  thrombus  is  not 
so  liable  to  be  washed  away.    It  also  produces  irritation  of  the  vaso- 
motor centre  in  the  medulla  oblongata,  and  this  leads  to  contraction  ot 
the  finer  arteries  throughout  the  body.   It  is  clear  that  m  the  ca.se  of  an 
artery  a  longitudinal  wound  will  be  more  difficult  to  close  than  a  trans- 
verse one,  as  the  contraction  of  the  muscular  fibre  will  only  make  it 
gape  further.    On  this  account  it  is  customary  when  bleeding  is  seriou> 
from  an  artery  thus  wounded,  to  cut  it  right  across  m  order  to  still  the 

"hlvt  now  to  study  the  further  history  of  the  blood  which 
HAS  ESCAPED.  Blood  which  has  escaped  by  diapedesis  is  mostlj 
Tarried  off  by  the  lymphatics,  but  there  is  no  doubt  that  to  some  extent 
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it  may  also  undergo  partial  transformations  such  as  will  be  described 
immediately,  and  which  result  in  pigmentation. 

In  the  case  of  haemorrhage  by  rupture  the  blood  is  sometimes  entirely 
absorbed,  and  that  with  considerable  rapidity,  especially  when  it  is  in- 
filtrated into  the  tissues  where  it  occupies  the  serous  and  lymj)hatic 
spaces,  as  in  ecchymoses.  In  the  case  of  larger  htemorrhages  the  blood 
either  accumulates  in  an  existing  cavity,  or  by  tearing  makes  a  cavity 
for  itself.  It  may  remain  for  some  time  as  an  indej)endent  mass, 
forming  a  kind  of  permanent  tumour,  the  haematoma,  which  is  specially 
considered  below.  The  blood  may  remain  for  some  time  fluid,  but 
usually  it  coagulates  by  and  by. 

After  a  longer  or  shorter  period  of  time  the  blood  is  disposed  of,  and 
we  have  now  to  consider  the  manner  of  its  disposal.  It  is  easy  to 
understand  how  the  fibrine  is  dealt  with,  it  disintegrates,  and  is 
through  time  absorbed.  The  red  corpuscles  undergo  more  considerable 
changes,  and  their  history  we  have  to  trace.  The  colouring  matter  is 
frequently  dissolved  out  of  the  red  corpuscles,  and  in  solution  it  is 
largely  absorbed.  The  solution  may  stain  the  intercellular  substance  of 
the  tissues,  and  possibly  may  lead  to  a  more  or  less  permanent  pigmen- 
tation of  them.  In  true  pigmentations,  however,  the  colouring  matter 
is  in  cells,  and  it  is  doubtful  whether  living  cells  are  capable  of  being 
simply  stained  by  a  solution  of  colouring  matter.  The  peculiar  bright 
red  colour  which  one  sees  in  the  neighbourhood  of  a  haemorrhage  in  the 
brain,  or  the  various  colours  seen  in  the  skin  after  an  effusion  of  blood 
into  it,  are  due  to  staining  of  the  tissues  Avith  the  dissolved  colouring 
matter  of  the  blood,  but  neither 
of  these  is  permanent.    The  col- 


ouring matter  after  being  dis-  H  ^  ri  ^  ^ 

solved  out  of  the  corpuscles  is   %        ^  ^ 
often,  after  a  time,  deposited  in  i  ^   ^  ^ 


the  solid  form,  appearing  as 
crystals  of  hsematoidin  (see  Fig. 
11),  or  as  granules. 

Again,  the  red  blood  corjjus- 
cles  may  be  taken  into  the  sub-  i        i^-— pri'^tais  of  iisematoidin  from  au  old 

J     V.  uaxvcxi  iuuu  uiit;  bUU    hajmon-hage  m  the  brain.    Their  colour  is  reddish 

Stance  of  other  cells,  and  so  dis- 

posed  of.  The  effused  l)lood  acts  as  an  irritant  in  the  tissues, 
producing  inflammation  around,  and  numbers  of  leucocytes  collect 
m  the  neighbourhood.  These  take  into  their  substance  red  cor- 
puscles, thus  becoming  lilood-corpuscle-holding   cells  (see  Fig.  13), 


AFFECTIONS  OF  CIRCULATION  AND  BLOOD. 


concerning  which  much  has  been  written.  The  leucocytes,  as  shown  in 
the  figure,  may  take  up  several  red  corpuscles,  and  of  course  they 


by  adding  glacial  acetic  acid  to  a  drop  of  blood,  heat- 
ing and  evaporating  to  dryness,    x  350. 

Ijecome  greatly  enlarged.  Besides  that,  the  giant-cells  which  we  shall 
afterwards  refer  to  in  connection  with  inflammation,  may  take  up  red 
corpuscles.  These  cells  pass  in  part  into  the  lymphatics,  and  the  red 
corpuscles  are  thus  absorbed.  But  it  appears  that  to  some  extent 
they  remain  permanently,  or  else  that  the  red  corpuscles  are  taken  up 
also  by  the  fixed  comiective  tissue  cells,  and  so  a  true  pigmentation  is 
brought  about.  In  either  case  the  red  corpuscles  within  the  cells  shrink 
into  reddish-brown  irregularly  shaped  bodies  (see  Fig.  1 3,  6),  which  lie 
in  the  substance  of  the  cell.  Subsequently  the  pigment  may  break  up 
and  be  dissolved  out  of  the  cell,  and  so  the  colouration  will  disappear. 
In  the  case  of  diapedesis  a  similar  process  of  pigmentation  may  occur  by 
the  red  corpuscles  being  taken  up  by  cells. 

It  has  already  been  stated  that  the  blood  acts  as  a  foreign  body,  and 
leads  to  inflammation  around  it.  This  inflammation  sometimes  leads  to 
what  is  called  the  organization  of  the  blood  clot.  In  this  case  the  pro 
cess  is  very  similar  to  that  already  referred  to  in  the  organization  of  the 
thrombus,  and  the  result  is  usually  the  formation  of  a  cicatrix.  Some- 
times a  process  in  some  respects  similar  to  the  formation  of  the 
cavernous  tissue  in  place  of  a  thrombus  occurs,  but  instead  of  the  meshes 
being  filled  with  blood  they  are  filled  with  serous  fluid.  Thus  in  the 
case^of  a  hsemorrhage  in  the  substance  of  the  brain  the  new-formed 
connective  tissue  which  replaces  the  eff'used  blood,  is  unalile,  from  the 
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brittle  nature  of  the  brain  tissue,  to  form  a  cicatrix  by  its  contraction. 
Instead  of  that,  by  its  contraction  it  leaves  spaces  which  are  filled  with 
serous  fluid,  and  so  we  have  the  apoplectic  cyst. 

An  old  clot  which  is  not  in  a  position  to  be  readily  disposed  of  in 
any  of  the  ways  described  may  dry  in  and  finally  become  impregnated 
with  lime  salts.  It  need  hardly  be  said  that  when  exposed  to  septic  in- 
fluences, a  clot  is  liable — jjerhaps  very  liable — to  undergo  decomj)osition. 

^       Blood  which  has  been  effused  occasionally  takes  up  a  somewhat 

'  permanent  position  in  the  body,  and  when  masses  of  blood  thus  remain 
for  a  time  they  may  assume  the  appearafice  of  tumours.  Some- 
times a  class  of  blood-tumours  is  distinguished  under  the  name  H^MA- 

1  TOMA,  although  they  do  not  come  under  the  strict  definition  of 
tumours.    It  Avill  be  proper  here  to  enumerate  the  various  conditions  to 

i|)  which  this  name  is  given. 

The  CEPHALILEMATOMA  is  a  condition  sometimes  met  with  in  the 
child  immediately  after  birth,  and  produced  during  delivery.  In  the 
act  of  delivery  the  pericranium  is  separated  from  the  surface  of  the 
skull  and  vessels  are  ruptm-ed.  Blood  collects  between  the  pericranium 
and  the  skull,  and  is  apt  to  remain  long  there,  retaining  its  fluidity  for 
an  unusual  time.  The  raised  pericranium  produces  new-bone  and  at 
first  chiefly  at  its  margins.     There  is  thus  a  shell  of  new-bone  in  the 

_  shape  of  a  ring  covering  in  the  edges  of  the  collection  of  blood.  This 

•I  produces  the  pecuHar  character  that  when  the  prominence  is  handled 
the  impression  is  as  if  there  were  a  gap  in  the  skull.    The  shell  of  new- 

I  bone  is  continuous  with  the  cranium,  and  as  the  fingers  pass  inwards 
they  suddenly  dip  into  the  gap,  and  it  feels  as  if  they  dipped  into  the 
soft  brain  substance.  In  some  cases  there  is  also  hsemorrhage  inside 
the  skull. 

The  Othsematoma  or  h.ematoma  auriculare  or  insane  ear  is  a 
condition  in  some  respects  comparable  to  the  last-mentioned.    In  it  the 
perichondrium  is  raised  from  the  cartilage  of  the  ear,  sometimes  bring- 
mg  little  bits  of  cartilage  with  it,  and  blood  collects  between  cartil- 
age and  perichondrium.    This  occurs  on  the  anterior  surface  of  the 
concha,  and  the  result  is  that  the  hollows  are  filled  up  and  become 
prominences.    It  appears  to  be  sometimes  produced  by  violence  such  as 
I  blows,  but  only  in  persons  predisposed  to  it.    It  is  met  with  almost 
1'  alone  in  insane  persons,  and  chiefly  those  suffering  from  general 
i  paralysis.    As  the  blood  is  absorbed  the  ear  does  not  recover,  but 
■  shrivels  up  with  great  consequent  deformity. 
I  i> 
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The  HiEMATOMA  OF  THE  DURA  MATER  is  also  of  most  frequent 
occurrence  in  insane  persons,  though  by  no  means  confined  to  them.  In 
persons  dying  with  apoplectic  symptoms  there  is  sometimes  found  a  flat 
layer  of  blood  on  the  internal  surface  of  the  dura  mater,  in  some  cases 
an  inch  or  an  inch  and  a  half  thick.  On  careful  examination  there  is  a 
thin  false  membrane  on  the  surface  of  the  clot,  and  the  disease  is  usually 
the  result  of  a  chronic  inflammation  of  the  dura  mater,  pachymenmgitis 
chronica  hsemorrhagica. 

The  HEMATOMA  OF  THE  HEART  is  an  interesting  form.  It  some- 
times happens  that  large  masses  of  fibrine  are  deposited  on  the  valves 
or  elsewhere,  and  these  may  come  to  form  permanent  projections.  In 
one  case  met  with  by  the  author  there  were  immense  festoons  hanging 
from  the  mitral  valve  and  filling  the  greatly  enlarged  left  ventricle.  In 
some  parts  there  was  calcareous  infiltration  of  the  hard  dry  clot,  but  no 
proper  organization  had  occurred. 

The  UTERINE  HEMATOMA  is  a  polypoid  mass  of  blood,  coagulation 
having  occurred  on  a  placental  surface  or  retained  placenta.  It  is 
sometimes  called  the  fibrinous  polypus.  It  projects  into  the  cavity  of 
the  uterus  and  may  simulate  a  polypoid  myoma. 

Blood  may  collect  in  the  peritoneal  pouch  l^ehind  the  uterus,  fornung 
a  kind  of  retro-uterine  hematoma. 


(EDEMA  AND  DROPSY. 

In  order  to  understand  these  conditions  it  is  necessary  to  refer  t 
certain  points  in  the  normal  relations  of  the  lymphatic  circulation^ 
The  connective  tissue  throughout  the  body  is  as  it  were  permeated  with 
spaces  of  various  shapes  in  which  the  connective  tissue  ^orpiis^les  lia 
These  lacuna  or  serous  spaces  are  lined  ^^dth  endothehum  like  the  blooa 
and  lymphatic  vessels  themselves.    The  serous  spaces  are  provided  (as 
shown  in  Fig  U)  with  numerous  anastomosing  processes,  and  they  com- 
rnulate  on'the  one  hand  with  the  interior  of  the  blood-vessels,  and  on 
the  other  with  the  lymphatics.    Arnold  and  others  (see  Fig.  15)  ha^  . 
'u  ceeded  in  injecting  the  serous  spaces  from  the  blood-vessels,  espec- 
r  when,  as  in  passive  hyperemia,  the  channels  of  commumcatioii 
b  twlen  blood-vessels  and  spaces  have  been  widened,  ^^l^^- 
pose  that  a  circulation  is  continually  proceeding  from  the  capil  ai 
blood-vessels  into  these  spaces,  and  so  into  the  capillary  lymphatu. 
The  serous  cavities  of  the  body  are  to  be  regarded  as  lai^e  -rous  space, 
^ty  also  are  lined  with  endothelium,  and  are  continuous  with  the 
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lymphatic  capillaries.  The  serous  spaces,  therefore,  and  the  serous 
cavities,  are  virtually  the  same  in  nature,  and  their  pathology  is  similar. 


D 


rih^f^^T^"'"''-^^  f^^'^J  (cc)  and  lymphatic  capillaries  {dd)  in  pleural  surface  of  dia- 
ScTwxTh  theC^^n°?n*'''''*f'^  with  nitrate  of  silver.  The  connection  of  the  branched 
spaces  with  the  commencing  lymphatic  vessels  is  shown.  (Recklinghausen.) 

CEdema  is  over-filling  of  the  serous  spaces  with  fluid,  dropsy  is  over- 
filling of  the  serous  cavities,  and  so  the  two  conditions  are  virtually 
identical. 

_  Anything  which  causes  an  excess  of  fluid  in  these  spaces  or  cavities 
will  produce  oedema  or  dropsy,  and  the  first  condition  which  suo-o-gsts 
Itself  is  obstruction  of  the  lymphatics.  The  force  which  carries  on  the 
lymphatic  circulation  is  largely  the  blood-pressure  propagated  from  the 
capillaries,  and  it  may  be  expected  that  obstruction  to  a  lymphatic 
STEM  would  produce  accumulation  of  fluid  in  the  spaces.  But  it  is  to  be 
remembered  that  the  serous  spaces  are  in  as  close  relation  to  the  blood 
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capillaries  as  they  are  to  the  lymph  capillaries,  and  any  obstruction  to 
the  lymphatics  will  probably  have  the  eflfect  of  causing  the  transuded 


Fie-  15.-CapUlary  blood-vessels,  serous  spaces  aud  capillary  lymphatics  of  the 
froe's  swimmiug  web,  filled  with  (blue)  injection  material  thrown  into  the  blood- 
vessels rThe  black  branched  bodies  are  the  normal  pigment  cells.)  a  a,  CapU- 
larv  btood-vessels  filled  with  injection  material.  /.  Lymphatic  cap.Uaiies  also 
Elected  but  less  full  than  the  blood  capillaries,  c,  c,  Serous  spaces  mjected  from 
tte  blood-vessels.  The  injection  was  made  after  passive  hyi3er«imia  had  been  pro- 
duced by  ligaturing  the  vein.    (Arnold.)    X  250. 

iluid  to  return  to  the  blood  capillaries.    The  fluid  flows  from  the  blood 
vessels  because  the  pressure  is  higher  in  them  than  in  the  lymphatics, 
but  an  obstruction  in  the  lymphatics  will  tend  to  equahze  the  pressure 
and  so  prevent  further  transudation.    At  any  rate,  experiment  h 
shown  that  the  whole  lymphatics  of  a  limb  may  be  ligatured,  or,  wha 
is  equal  to  that,  the  entire  lymphatic  glands  excised  without  producm 
(jedema     The  blood-vessels  take  up  the  functions  till  new  lymphati 
channels  are  formed.    Even  when  the  thoracic  duct  is  obstructed  ther 
is  not  necessarily  any  oedema  or  dropsy.    It  is  true  that  obstruction  of 
the  thoracic  duct  sometimes  leads  to  distension,  especiaUy  of  the  chyle 
vessels,  and  even  the  bursting  of  them  so  as  to  lead  to  a  chylous  ascite. 
It  may  even  lead  to  an  ordinary  ascites.    So  far  as  human  pathology  is 
concerned,  however,  it  must  be  exceedingly  rare  to  find  obstruction  of 
the  thoracic  duct  apart  from  other  conditions  which  more  directly  lead 
to  dropsy     We  may  say  at  least  that,  with  this  possible  exception, 
obstruction  of  lymphatics  does  not  of  itself  lead  to  edema,  or  dropsy , 
although  it  is  clear  that  it  may  aggravate  an  oedema  whose  cause  is  to 
be  found  in  some  other  condition. 
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Looking  to  these  facts  it  may  be  said  that  the  conditions  which  tead  to 
oedema  and  dropsy  do  so  by  causing  increased  transudation  from 
THE  CAPILLARIES  into  the  serous  spaces.  A  considerable  increase  may 
be  compensated  by  the  lymphatics  and  the  blood-vessels  carrjdng  off  an 
additional  quantity  of  fluid,  but  when  the  limits  of  this  are  passed  the 
fluid  will  accumulate  in  the  spaces  and  distend  them,  thus  giving  rise  to 
oedema  or  dropsy. 

The  most  obvious  cause  of  increased  transudation  is  venous  hyper- 
^MiA.    Here  there  is  increased  pressure  in  the  capillaries  and  veins, 
and  a  greatly  increased  transudation.    From  what  has  gone  before,  it 
will  appear  probable  that  here  the  increase  of  pressure  is  not  the  only 
element  in  the  case.    The  circumstances  of  the  capillary  wall  are  altered 
in  such  a  way  that  we  may  presume  that  it  is  rendered  abnormally  per- 
meable.   This  view  appears  more  probable  when  we  find  that  active 
hypersemia  does  not,  if  uncomplicated,  produce  oedema.    In  arterial 
hypersemia,  it  is  true,  the  blood-pressure  is  not  so  much  raised  in  the 
capillaries  as  it  is  in  the  venous  form ;  still  it  is  raised,  but  the  transu- 
dation is  never  so  much  increased  as  to  produce  oedema,  unless  there  is 
an  inflammatory  element  in  the  case.    In  passive  hypersemia  the  fluid 
exuded  will  be  a  watery  serum,  and  as  there  is  diapedesis  it  will 
contain  red  corpuscles  in  considerable  numbers.    The  red  corpuscles 
will  be  taken  up  by  the  leucocytes  as  already  described,  and  carried  to 
the  lymphatic  glands  where  they  will  disintegrate.    It  should  be  added 
that  it  requires  considerable  increase  of  pressure  in  the  capillaries  to 
produce  an  oedema  by  passive  hypersemia  when  acting  alone.    It  has 
even  been  stated  that  a  simple  passive  hyiDera?mia,  apart  from  vaso- 
motor paralysis  (producing  also  active  hyperfemia),  does  not  lead  to 
oedema.    It  has  been  shown  that  if  the  iliac  vein  of  a  dog  be  ligatured 
there  is  no  oedema  till  the  sciatic  nerve  is  cut.    The  explanation  of  this, 
however,  may  be  that  this  vein  has  such  free  anastomoses  that  its  ligature 
does  not  raise  the  blood-pressure  sufiiciently  to  induce  cedema,  whereas 
a  comcident  vaso-motor  paralysis  producing  dilatation  of  the  arteries 
raises  the  blood-pressure  sufficiently.     Experiment  proves  that  if  a 
sufficient  number  of  veins  be  obstructed  oedema  will  result  without  vaso- 
motor paralysis.    SotnitcheM^^ky,  by  introducing  plaster  of  Paris  into  a 
penpheral  vein  of  the  leg  of  a  dog  while  the  thigh  was  constricted  bv  an 
elastic  band,  succeeded  in  obstructing  a  number  of  veins  by  the  gypsum 
hardemng  m  them.    In  this  case  oedema  followed  without  the  induction 
ot  vaso-motor  paralysis.    In  passive  hypersemia  from  thrombosis  of  veins 
tnere  are  usually  many  veins  obstructed  before  cedema  occurs.    In  the 
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case  of  passive  hyperaemia  from  heart-disease  it  may  well  be  supposed 
that  the  prolonged  venous  engorgement  will  produce  a  more  than  usual 
deterioration  of  the  capillary  wall,  besides  a  depreciation  of  the  Ijlood 
itself. 

We  now  come  to  a  question  which  is  not  so  easy  of  answer  as  that 
we  have  just  been  discussing.  It  has  been  customary  to  say  that  a 
watery  state  of  the  blood,  a  hydremia  may  induce  cedema,  and  the 
case  of  the  so-called  cachectic  oedemas  is  cited.  This,  however,  has 
been  rendered  doubtful  by  a  series  of  experiments  by  Cohnheim  and  his 
assistants.  A  simple  hydrsemia,  induced  in  a  dog  or  other  animal  by 
repeated  blood-lettings  and  the  replacement  of  the  blood  withdrawn  by 
a  solution  of  common  salt,  does  not  lead  to  oedema.  On  the  other  hand 
it  may  well  happen  that  a  prolonged  hydrsemia  as  opposed  to  this  more 
acute  form,  such  as  we  meet  with  in  cases  of  chronic  emaciating  disease, 
may  so  depreciate  the  capillary  wall  as  to  give  rise  to  oedema  under 
comparatively  trivial  circumstances.  In  such  persons  the  heart  is  weak, 
and  the  blood  has  a  tendency  to  stagnate  in  depending  parts,  as  has 
already  been  described,  and  this  comparatively  slight  increase  in  pressure 
may  induce  the  occurrence  of  oedema. 

Next  we   have  the  frequent  cedema  of  the  skin  in  Bright's 
disease  to  account  for.    There  is  undoubtedly  here  in  many  cases  a 
hydrsemia,  induced  in  two  different  ways.    There  is  the  loss  of  albumen, 
which  renders  the  blood  directly  more  watery    But  in  many  cases  there 
is  also  an  abnormal  retention  of  the  water  in  the  blood.    In  acute 
Bright's  disease,  especially,  there  is  great  reduction  in  the  amount  of 
urine  secreted,  and  this  implies  an  increase  in  the  water  of  the  blood. 
It  is  in  these  cases,  it  will  be  observed,  that  the  occurrence  of  oedema  is 
most  frequent.    These  facts  naturally  suggest  that  if  the  cedema  m 
Bright's  disease  is  not  due  simply  to  the  hydra3mia,  it  may  be  due  to  this 
in  conjunction  with  the  increased  bulk  of  the  blood,  to  a  HYDREMIC 
PLETHORA.    This  view  has  obtained  much  support.    It  has  been  sup- 
posed that,  the  entire  bulk  of  the  blood  being  increased,  there  mil  be 
increased  pressure  in  the  capillaries  and  increased  transudation  from  the 
watery  blood.    But  there  are  some  objections  to  this  view.    We  have 
already  seen  that  plethora,  even  when  suddenly  induced,  does  not  raise 
the  blood-pressure.    There  is  a  form  of  Bright's  disease  in  which  the 
arterial  tension  is  raised,  and  the  increased  tension  is  related  to  hyper- 
trophy of  the  left  ventricle  of  the  heart.    But  it  is  just  m  this  form  of 
Biiht's  disease  (the  cirrhotic  form)  that  oedema  is  least  usual,  and  a 
case  may  proceed  to  a  fatal  issue  without  the  occurrence  of  any  oedema. 
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Then  there  are  cases  of  absokite  suppression  of  urine,  as  in  hysterical 
females,  etc.,  in  which  we  must  presume  an  exaggerated  hydrsemic 
plethora,  but  without  a  trace  of  oedema. 

In  some  experiments  by  Cohnheim  and  Lichtheim,  a  hydrsemic  ple- 
thora was  induced  by  injecting  a  solution  of  common  salt  into  the  ves- 
sels of  animals.  Enormous  quantities  could  be  injected  without 
seriously  compromising  the  animal.  We  have  seen  that  when  blood 
is  transfused  in  the  dog,  the  limit  consistent  with  the  survival  of  the 
animal  is  one  and  a  half  times  the  bulk  of  the  blood,  but  more  salt 
solution  than  three  times  the  bulk  of  the  blood  could  be  injected 
without  killing  the  animal.  From  the  previous  reference  to  tranfusion, 
it  will  be  understood  that  these  injections  did  not  produce  any  perma- 
nent rise  in  the  blood-pressure.  The  most  direct  result  was  a  great 
acceleration  in  the  speed  of  the  blood  current,  presumably  from  the 
diminished  friction  of  the  watery  blood.  There  was  also  a  greatly 
increased  transudation  and  consequent  increased  flow  of  lymph.  But 
this  was  remarkably  localized.  There  was  a  greatly  increased  flow  of 
lymph  in  the  thoracic  duct,  showing  that  in  the  viscera  the  transuda- 
tion was  increased;  while  the  lymphatics  of  the  hmbs  showed  no  increase, 
indicating  that  in  the  skin  and  muscles  the  transudation  was  not 
increased.  There  was  also  greatly  increased  secretion  from  the  salivary 
glands,  stomach  and  intestine,  liver,  lachrymal  glands,  and  kidneys. 
In  these  organs  an  oedema  was  developed,  that  is  to  say,  in  the  mucous 
membrane  and  submucous  tissue  of  the  stomach  and  intestines,  in  the 
lymphatic  glands  of  the  mesentery,  in  the  pancreas,  kidneys,  gall  blad- 
der, saHvary  glands ;  there  was  also  ascites,  but  no  oedema  of  the  skin. 
The  explanation  suggested  for  this  locahzation  of  the  increased  transu- 
dation and  the  oedema  is,  that  these  organs  are  all  normally  concerned 
in  the  removal  of  water  from  the  blood,  and  that  probably  their  blood- 
vessels are  unusually  permeable  to  water.  The  experiments  produce 
a  great  increase  in  the  water  of  the  blood,  and  the  vessels  give  ready 
passage  to  it. 

It  will  be  observed  that  in  these  experiments  the  oedema  was  present 
in  parts  where  it  is  absent  in  Bright's  disease,  and  was  not  present  at  all 
in  the  skin.  So  that  the  oedema  of  Bright's  disease  cannot  be  ascribed 
altogether  to  the  hydrsemic  plethora,  however  much  that  may  predispose 
to  It.  To  explain  the  oedema  of  Bright's  disease,  it  seems  necessary  to 
suppose  some  alteration  in  the  vessels  of  the  skin  rendering  them  unduly 
permeable.  There  are  many  facts  indicating  a  relation  between  the  skin 
and  the  kidneys  in  Bright's  disease,  and  it  is  very  possible  that  the 
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morbid  agent  which  affects  the  kidney  may  also  affect  the  skin.  In 
scarlatina  we  have  during  the  fever  an  inflammatory  hypersemia  of  the 
skin,  and  it  is  natural  to  suppose  that  when  subsequently  a  kidney  affec- 
tion induces  a  hydrsemic  plethora  the  csdema  will  manifest  itself  in  the 
previously  damaged  skin.  In  the  experiments  above  referred  to,  it  was 
found  that  although  the  normal  skin  did  not  become  cedematous,  yet 
when  it  had  been  previously  inflamed,  as  by  pencilling  with  iodine  solu- 
tion,'or  by  exposing  to  a  strong  sun,  then  cedema  shows  itself.  It  may 
hence  be  inferred  that,  although  hydrsemic  plethora  is  not  by  itself  a 
cause  of  oedema  of  the  skin,  it  is  a  strong  predisposing  element. 

We  shall  find  in  studying  inflammation  that  the  alteration  in  the 
vessels  produced  by  this  condition  induces  oedema,  so  that  inflammatory 
cedemas  are  of  frequent  occurrence. 


LEUKEMIA. 


By  this  name  is  meant  a  condition  in  which  the  white  blood  cor- 
puscles are  greatly  increased,  the  name  meaning  literally  white  blood. 
This  was  the  name  appUed  by  Virchow.  Another  name  Leucocythsemia 
applied  by  Bennett,  although  literally  more  correct,  is  cumbersome,  and 
is  now  generally  disused.  The  condition  of  the  blood  gives  its  name  to 
the  disease  and  this  will  first  engage  our  attention. 

The  normal  proportion  of  white  corpuscles  to  red  in  the  blood  is 
stated  as  about  1  in  300  to  1  in  450,  but  it  may  vary  %vithin  normal 
limits.    There  is  after  haemorrhage,  as  we  have  seen,  a  slight  increase 
in  the  proportion  of  white  corpuscles,  a  leucocytosis,  but  it  is  of  no 
special  significance.    In  leukaemia  the  relative  proportion  of  white  to 
red  corpuscles  is  greatly  altered.    A  case  is  not  a  very  severe  one  m 
which  the  corpuscles  are  as  1  to  10,  and  they  may  be  as  1  to  2  or  even 
equal.    This  alteration  in  the-  proportion  of  white  and  red  is  not  the 
only  alteration  in  the  blood.    The  white  corpuscles  are  more  varied  m 
size  than  normal,  some  larger  and  some  smaller,  and  they  are  sometimes 
more  distinctly  nucleated.    Then  the  red  corpuscles  are  not  only  pro- 
portionately few  in  number,  but  they  are  absolutely  reduced  and  that 
to  a  very  high  degree.    Occasionally  nucleated  red  corpuscles  have  been 
found  in  the  blood,  these  corpuscles  being  of  larger  size  than  the  normal 
red  corpuscles.    The  specific  gravity  of  the  blood  is  con^^f  ^'^W^ 
duced  •  it  may  fall  from  1055,  which  is  the  average  normal,  to  1040  o 
1035  '  The  blood  has  thus  the  character  of  anaemia  along  mth  a  great 
increase  of  the  white  blood  corpuscles.     In  leukemic  blood,  after 


LEUKAEMIA. 


57 


death,  there  are  found  small,  colourless,  glancing  crystals  of  an  octa- 
hedral shape,  which  are  usually  called  from  their  discoverer  Charcot's 
crystals  (see  Fig.  16).  There  are  also  certain 
other  abnormal  chemical  constituents,  chiefly  glu- 
tine  and  hypoxanthine. 

With  regard  to  the  prol^able  explanation  of 
this  peculiar  condition  of  the  blood,  it  must 
.  always  be  remembered  that  there  is  a  very  great 
diminution  in  the  red  corpuscles  as  well 
great  increase  in  the  white.  There  must  be 
either  a  greatly  increased  new  formation  of  white 
corpuscles  and  destruction  of  red  ones,  or  a  seri- 
ous interference  with  the  conversion  of  the  white 
into  the  red  corpuscles.  This  latter  is  the  view  Fig.ie.-charcofscryrtais 
originally  taken  by  Virchow,  and  is  the  more  d^aS''°^^Vl^^^y- 
probable.  There  may  be  an  increased  formation  tSLZ'r^^I^.'^SS^ii^ 
of  white  corpuscles,  but  the  diminution  in  the  ^ 
nundjer  of  the  red  is  probably  due  to  a  reduced  conversion  of  white 
into  red.  The  nucleated  red  corpuscles  have  been  regarded  by  some 
as  transition  forms,  their  presence  indicating  a  delay  in  the  conversion. 

The  blood  in  persons  affected  with  this  disease  is  unduly  pale, 
but  it  has  not  a  watery  appearance.  It  is  even  a  thicker  fluid  than 
usual  and  distinctly  more  opaque,  resembling  a  mixture  of  pus  and 
blood. 

The  alteration  in  the  constitution  of  the  blood  is  associated  with 
changes  in  certain  organs  which  have  generally  been  regarded  as  con- 
cerned in  the  preparation  of  the  blood,  namely,  the  spleen,  the  lym- 
phatic glands^  and  the  medulla  of  bone.  In  different  cases  of  leukemia 
these  structures  are  variously  affected.  The  medulla  of  bone  seems  to 
be  affected  in  all  or  nearly  all  cases,  the  spleen  with  the  medulla  in  a 
considerable  number,  the  lymphatic  glands  with  the  medulla  in  a 
smaller  number,  and  all  three  in  many  cases. 

The  condition  of  the  spleen  in  leukemia  will  first  concern  us. 
In  all  stages  of  the  disease  it  is  enlarged.  The  enlargement  in  the 
ear  best  period  appears  to  be  due  to  an  active  congestion,  and  is  accord- 
ingly of  rapid  development.  Rindfleisch  mentions  a  case  which  he  saw 
at  Virchow's  demonstrations  in  which  the  enlargement  had  been  so 
rapid  as  to  cause  a  rupture  of  the  capsule  of  the  spleen.  This  enlarge- 
ment IS  merely  from  overfilling  of  the  vessels,  but  it  is  succeeded  by,  or 
clevelopes  into,  a  solid  enlargement.     The  Malpighian  bodies  of  the 
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spleen  have  the  structure  of  lymphatic  follicles,  and  it  is  mainly  by  the 
enlargement  of  these  that  the  permanent  soUd  enlargement  occurs,  a 
great  increase,  therefore,  of  lymphoid  tissue.  But  the  new-formation 
often  occurs  in  the  pulp  as  well  as  in  the  Malpighian  folhcles.  The 
spleen  thus  becomes  converted  into  a  hard,  dense,  bulky  organ,  some- 
times like  a  piece  of  wood.  It  is  also  paler  than  noimal,  and  we  can 
often  see  the  enlarged  Malpighian  bodies  as  whiter  areas  on  the  cut 
surface.  In  addition,  there  are  frequently  haemorrhages  m  the  spleen, 
and  these  may  take  the  form  of  the  regular  wedge-shaped  mfarctiom^ 

In  the  MEDULLA  OF  BONE  the  changes  are  very  similar.  There  is  a 
great  new-formation  of  round-cell  tissue  which  occurs  at  the  expense  of 

the  adipose  tissue  and  also  of  the  bone,  ilus 
new  tissue  consists  mainly  of  cells  as  large  as 
white  blood-corpuscles,  and  has  the  structure 
of  lymphatic  tissue,  showing  the  reticulum  and 
round  cells  as  in  Fig.  17.    Sometimes  there  are 
larger  cells  than  these,  and  there  may  be  also 
nucleated  red  corpuscles.   There  is  thus  a  great 
new-formation  in  the  medulla  and  that  mainly 
of  lymphatic  tissue.    As  the  medulla  of  bone, 
especially  the  red  medulla  of  spongy  bone,  nor- 
mally contains  lymphatic  tissue,  the  change  in 
„  _      ^.^     ^^^^      leukaemia  may  be  regarded  as  a  hypertrophy 
leuklmia,  from  the  cavity  of      ^Ms,  and  the  aiuouut  of  hypertrophy  IS  some- 
S^/ScutS\nTl^mpbofd  times  Very  great.    Thus,  the  whole  yellow  mai- 

ceUs  are  .howri  x  350.  ^^^^^^  ^^^^^        ^-^^  f ^j^ur  may  be 

replaced  by  lymphatic  tissue.    The  cavity  of  the  shaft  may  also  be 
widened  at  the  expense  of  the  bone,  and  many  smaller  trabecule  here 
and  in  the  spongy  bone  may  be  destroyed.    In  this  respect  as  well  as 
in  intimate  structure  the  leukemic  bone-marrow  differs  from  the  red 
marrow  of  pernicious  anemia,  as  the  latter  does  not  cause  a  propei 
atrophy  of  tL  bony  tissue.    The  occurrence  of  hemorrhages  or  even 
infarctions  has  been  observed  in  the  bone-marrow  just  as  m  the  si^leen 
The  appearance  of  the  medulla  is,  of  course,  greatly  altered.    It  has 
.eneral  y  a  greyish  red  colour  without  any  of  the  normal  greasy  appea  - 
rs but  it  may  be  pale  so  as  to  look  like  solidified  pus,  or  dark  ml, 
thes;  differences  deiLding  on  the  degree  of  the  new-formation  and  h 
state  of  fulness  of  the  vessels.    It  has,  however,  the  character  of 
to  ral  ly  sohd  tissue,  not  a  semi-fluid  material  as  m  an.mias.  These 
chaS  s  may   occur  in  all  the  bones  in  the  body,  and  m  both 
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spongy  and  hollow  bones,  the  affection  being,  however,  variously 
distributed. 

The  lesion  in  the  lymphatic  glands  consists  in  an  enlargement 
of  them.  This  begins  mostly  in  a  particular  set  of  glands  usually 
situated  externally,  as  in  the  axilla,  groin,  neck,  etc.,  and  spreads  to 
other  sets,  generally  first  to  those  nearest.  The  enlarged  glands  may 
be  three,  five,  or  even  ten  times  their  normal  size,  but  there  is  no 
.  tendency  to  any  degeneration  of  their  tissue. 

The  RELATION  OF  THESE  ORGANIC  CHANGES  in  the  spleen,  bone- 
marrow,  and  lymphatic  glands  to  the  disease  in  its  essence  is  exceed- 
ingly obscure.  An  attempt  has  been  made  to  associate  the  disease  in 
its  origin  with  the  bone-marrow,  but  even  this  is  by  no  means  certain. 
There  seems  httle  reason  to  doubt,  however,  that  the  bone-marrow 
along  with  the  lymphatic  glands  and  spleen,  and  perhaps  in  a  more 
important  manner  than  they,  is  concerned  in  the  formation  of  the  blood 
corpuscles.  The  discovery  of  nucleated  coloured  cells  in  the  normal 
red  marrow  of  spongy  bone  seems  to  show  that  the  red  corpuscles  are 
either  formed  or  undergo  important  changes  here. 

Besides  these  organs  others  are  frequently  attacked,  but  the  lesions 
in  them  are  of  later  manifestation,  by  no  means  uniformly  present,  and 
undoubtedly  secondary.  The  liver  is  nearly  always  enlarged,  ancl  this 
enlargement  may  be  due  simply  to  parenchymatous  changes  in  the 
hepatic  cells,  but  is  often  associated  with  a  distinct  new  formation  in 
the  liver.  This  is  in  the  form  of  minute  collections  of  round  cells 
occurring  in  myriads  throughout  the  organ,  as  shown  in  Fig.  18. 
These  are,  at  first  sight,  not  unHke  miliary  tubercles,  but  they  have  no 
giant-cells  and  do  not  present  any  tendency  to  degeneration,  while  they 
are  much  less  definite  in  size  and  shape.  Sometimes,  instead  of  definite 
aggregations,  there  is  an  extensive  infiltration  of  the  connective  tissue 
stroma  of  the  liver  with  round  cells.  The  exact  nature  of  these  lesions 
IS  doubtful.  They  may  be  simple  aggregations  of  white  blood  cor- 
puscles, but  they  have  usually  too  regular  a  form  for  this,  and  they  have 
been  regarded  as  small  lymphatic  formations. 

l""^  f  ^^'"^'"^  ""^^  infrequently,  and  here  the  appearance 

to  the  naked  eye  very  often  is  as  if  the  organ  were  greatly  enlarged 
by  the  presence  of  large  pale  tumours  in  the  cortical  substance.  On 
micros         examination  the  lesion  is  seen  to  consist  in  an  enormous 

ere  ng  tissue  remaining,  but,  of  course,  greatly  pressed  on.  This 

fc  ^triT'i  "  ''''''        ^^"^^  "  addressed  itself 

to  certain  defined  portions  of  the  organ. 
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The  CLOSED  FOLLICLES  OF  THE  INTESTINES,  both  the  sohtary  ones  and 
those  aggregated  in  Peyer's  patches,  may  be  enlarged,  and  as  they  are 
of  lymphatic  structure,  their  enlargement  is  a  simple  hyperplasia.  This 
is  not  of  frequent  occurrence,  and  still  less  frequent  is  the  formation  of 
leukeemic  tumours  in  the  skin,  these  tumours  consisting  of  infiltrations 
of  round  cells. 


Fig.  18."-Leukf«unc  formations  iu  the  liver,    x  lO. 

The  connective  tissue  in  other  regions  may  also  be  infiltrated.  _  The 
author  met  with  a  case  in  which  the  connective  tissue  of  the  mediastmuni 
was  enormouslv  infiltrated,  so  that  the  tissue  formed  a  bulky  tumour. 
The  infiltration  extended  to  the  pericardium  much  in  the  fashion  ot  a 
lympho-sarcoma. 
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It  is  proper  here  to  mention  that  there  is  a  disease  called  variously 
Hodgkin's  disease  and  pseudo-leukemia,  in  which  the  organic 
lesions  appear  to  be  identical  with  those  of  leuksemia,  but  without  the 
increase  of  white  blood  corpuscles,  the  blood  being  simply  ansemic. 
There  may  be  great  enlargement  of  the  spleen  and  of  the  lymj)hatic 
glands,  and  the  characters  of  the  enlargement  may  be  essentially 
hke  those  mentioned  above. 


MELAN^MIA. 

By  this  name  is  meant,  Hterally,  black  blood.  It  is  used  to  designate 
a  condition  in  which  pigment  occurs  abnormally  in  the  blood  and  is 
deposited  in  the  tissues.  The  pigment  is  in  the  form  of  soHd  granules, 
and,  although  black  in  colour,  it  is  derived  from  the  blood  pigment,  and 
contains  iron.  It  is  met  with  in  cases  of  malarial  fever,  but  not  in 
every  case,  as  a  rule  only  in  the  more  severe  forms.  The  view  usually 
entertained  is  that  during  the  acute  paroxysm  of  an  ague,  blood- 
corpuscles  are  destroyed  in  the  spleen,  and  their  pigment  is  set  free  in 
the  granular  form.  Lately,  Arnstein  (Virchow's  Archiv,  vol.  Ixi.  p. 
494)  has  brought  forward  the  view  that  the  destruction  of  blood  cor- 
puscles occurs  not  in  the  spleen,  but  in  the  blood  generally.  Whether 
the  spleen  be  the  seat  of  its  formation  or  not,  it  is  certainly  stored 
up  there  for  years,  and  may  pass  into  the  blood  by  degrees,  although 
it  is  more  abundant  immediately  after  the  acute  paroxysm. 

When  the  pigment  gets  into  the  blood  it  is  rapidly  taken  up  by  the 
white  blood  corpuscles,  so  that  these  appear  in  the  blood  as  pigmented 
cells.     These  jiigmented  cells  are 
often  larger  than  the  white  cor-  ^ 

puscles,  being  enlarged  by  their  ab-  -^f^^^^^. 
normal  contents.     It  will  thus  be  >^      "  • 

seen  that  very  little  free  pigment      ^^'-^v^s*'  ^p^'' 
will  be  present  in  the  blood  except         '  ^^^^         ......  ]' 

immediately  after  the  acute  parox-    ^  .......^.,.<=s,--,  4?^^^ 

ysm,  the  white  corpuscles  picking  "^fr;^' 
up  the  solid  granules  just  as  they 
do  when  a  sohd  pigment,  such  as 


.  Pig.  19. -  -White  blood  corpuscles  of  the  frog. 

Vermilllon,  is  artificially  introduced  containing  grannies  of  vermilUon.  and  showing 
•   ..111,,  y     ,  amceboid movement.    (After  Ki.e in.) 

mto  the  blood  of  an  animal  (see  Fig. 

19).  The  white  coquiscles  containing  the  pigment  accumulate  in  certain 
organs,  especially  the  spleen,  liver,  and  bone-marrow.    In  the  spleen 
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and  bone-marrow  the  pigmented  cells  appear  to  leave  the  capillaries 
readily,  and  pass  into  the  tissues,  producing  an  actual  pigmentation  of 
them,  but  in  the  liver  they  linger  longer  in  the  capillaries,  which  may 
be  seen  with  many  such  corpuscles  in  them  (see  Fig.  18),  although  here 

also  the  latter  may  pass  out 
into  the  surrounding  tissue.  In 
very  severe  cases,  other  organs 
and  tissues  may  be  pigmented 
in  this  way.  The  brain  is  very 
often  pigmented,  especially  in 
cases  where  there  has  been  much 
cerebral  excitement.  This  will 
be  in  very  acute  cases,  but  it 
is  doubtful  whether  the  pig- 
ment has  much  to  do  with  the 
cerebral  symptoms,  which  may 
be  merely  a  consequence  of  the 
acute  attack.  The  kidneys  are 
sometimes  the  seat  of  it  as  well  as  other  tissues,  such  as  pancreas, 
intestine,  etc. 

This  abnormal  pigmentation  of  course  produces  changes  in  the  colour 
of  the  organs  affected.  The  spleen  is  slaty-grey  or  almost  black,  the 
liver  is  steel-grey  or  blackish,  the  grey  substance  of  the  brain  is  of  a 
dark  chocolate  or  graphite  colour,  and  the  kidneys  present  greyish  spots. 


Fig.  -20.-  A  lobule  of  the  liver  in  melanajmia.  The 
black  pigment  granules  are  seen  between  the  hepatic 
cells,  being  really  in  the  capillaries.    X  75. 


UE^MIA. 

This  is  a  condition  characterised  by  nervous  symptoms,  vomit, 
ing,  sleepiness,  headache,  convulsions,  coma,  and  it  occurs  in  cases 
of  ^kidney-disease  in  which  the  secretion  of  urine  is  diminished.  The 
result  of  the  defect  in  the  secretion  of  mine  is  accumulation  in  the 
blood  OF  THE  CONSTITUENTS  OF  THE  URINE,  and  it  was  natural  to  mfer 
that  these  constituents,  acting  as  poisons,  produced  the  symptoms; 
hence  the  name  ur£emia.  In  animals,  symptoms  essentially  similar 
may  be  produced  by  tying  both  ureters,  and  here  also  doubtless  there 
is  retention  of  urinary  constituents.  The  urea  is  readily  detected  m  the 
fluids  and  tissues  in  such  animals,  and  it  has  been  frequently  detected 
clinically  in  cases  of  iirsemia. 

And  yet  it  is  very  difficult  to  be  sure  that  the  symptoms  are  due  to 
poisoning  by  the  urinary  constituents.    For  one  thing,  the  injection  of 
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urea,  and  even  of  filtered  urine,  into  living  animals  does  not  produce 
urfeniia,  the  only  effect  being  an  excessive  secretion  of  urine.  These 
facts  have  led  to  theories  to  account  for  the  ursemic  symj)toms 
apart  from  the  presence  of  urea  in  the  blood.  Freiichs'  theory 
at  one  time  received  great  acceptance.  He  said  that  the  symp- 
toms were  due,  not  to  the  urea  or  other  urinary  constituents,  but 
to  the  products  of  their  decomposition,  and  mainly  carbonate 
OF  AMMONIA.  It  was  asserted  that  carbonate  of  ammonia  was  to 
be  found  in  the  blood  of  ursemic  patients,  and  that  it  was  often  to  be 
detected  in  their  breath.  But  there  is  a  mistake  here.  More  correct 
chemical  investigation  shows  that  there  is  no  excess  of  carbonate  of 
ammonia  in  the  blood.  Carbonate  of  ammonia  is  to  be  found  abund- 
antly in  the  intestines,  where  it  is  the  result  of  putrid  decomposition. 
Moreover,  the  injection  of  carbonate  of  ammonia  into  animals  does 
not  produce  ursemic  symptoms,  but  symptoms  of  a  different  kind. 

Again  Traube  started  a  very  ingenious  theory,  according  to  which 
the  ursemic  symptoms  are  due  to  cedema  of  the  brain  and  its  mem- 
branes, and  consequent  ansemia  of  that  organ.  It  is  known  that  cedemas 
occur  sometimes  very  suddenly  in  Bright's  disease,  and  it  was  supposed 
that  a  sudden  oedema  of  the  brain  would  produce  such  symptoms,  the 
varying  locality  of  the  oedema  determining  the  variations  in  the  symp- 
toms. But  this  theory  is  also  scarcely  tenable,  because  oedema  of  the 
brain  is  by  no  means  constant  in  ursemia. 

It  is  rather  probable  that  the  original  view  is  fundamentally  the 
correct  one.  So  long  as  there  is  a  free  outlet,  the  blood  may  contain  a 
large  quantity  of  urinary  constituents,  and  so  when  urine  is  injected 
into  the  blood  of  animals  it  passes  rapidly  through  the  system  and  does 
Httle  harm.  But  if  the  ureters  be  first  ligatured  and  then  the  urine 
injected,  the  ursemic  symptoms  will  rapidly  manifest  themselves.  It 
will  be  understood  that  the  urea  is  not  the  only  constituent  concerned, 
but  that  the  other  nitrogenous  substances  and  salts  probably  take  part 
in  the  production  of  the  entire  set  of  symptoms. 

It  has  already  been  said  that  in  ursemia  urea  is  present  in  excess  in 
the  blood  and  fluids  of  the  body,  and  has  frequently  been  detected  dur- 
ing hfe,  and  it  is  in  cases  where  the  secretion  of  urine  is  diminished  or 
suppressed  that  these  symptoms  occur.  The  secretion  may  be  diminished 
m  various  ways,  by  obstruction  in  the  outflow,  by  disease  of  the  secret- 
ing tis.sue,  by  defect  in  the  water  of  the  blood  so  that  the  urinary 
.constituents  are  not  duly  earned  off",  or  even,  as  has  been  supposed  in 
the  case  of  eclampsia,  by  spasm  of  the  renal  arteries  preventing  the  due 
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passage  of  blood  through  the  kidneys.  In  all  these  cases  the  one  com- 
mon element  is  a  defective  separation  of  the  uiinary  constituents,  and 
their  consequent  accumulation  in  the  blood,  and  the  presumption  is  that 
these  constituents  have  a  poisonous  effect,  although  it  may  be  impossible 
to  say  whether  one  or  more  of  them  is  specially  deleterious. 


DIABETES  MELLITUS. 

The  pathology  of  diabetes  is  a  subject  of  considerable  difficulty,  and 
it  may  be  welfat  the  outset  to  set  forth  the  problem  which  requires 
solution. 

The  BLOOD  AND  URINE  CONTAIN  NORMALLY  A  SMALL  QUANTITY  OF 
GRAPE  SUGAR,  but  in  diabetes  this  undergoes  an  enormous  increase. 
In  the  normal  condition  the  sugar  is  at  a  constant  minimum,  unaffected 
by  the  amount  or  kind  of  food  taken.    In  diabetes  there  is  commonly 
a  very  obvious  relation  between  the  food  taken  and  the  sugar. 
There  are  some  diabetics  who  cease  to  excrete  any  excess  of  sugar  so 
long  as  they  abstain  from  starch  or  sugar,  Init  whenever  they  take  any 
such  food  it  is  mostly  converted  into  grape  sugar  and  so  excreted  m  the 
urine     On  the  other  hand,  there  are  diabetics  who  excrete  an  excess  of 
sugar  whatever  the  kind  of  food  they  take,  and  though  the  sugar  may 
be  diminished  by  the  use  of  a  mainly  nitrogenous  diet,  yet  it  cannot 
],e  thus  made  to  disappear.    In  that  case  it  is  obvious  that  sugar  is 
formed  not  only  from  carbo-hydrates,  but  also  from  the  albuminous 
principles  of  the  food.    According  to  Traube,  diabetes  is  divided  into  a 
shc^hter  and  a  more  severe  form  according  as  the  sugar  is  formed  from  the 
carbo-hydrates  alone,  or  from  nitrogenous  principles  as  well,  and  it  is 
*  probable  that  these  forms  represent  an  earher  and  a  later  stage  m  the 
disease.    Donkin,  in  view  of  the  relation  of  the  sugar  production  to  the 
food,  distinguishes  three  stages  ;  first,  that  in  which  only  the  starch 
or  sugar  of  the  food  furnishes  the  grape  sugar;  second,  that  m  which 
fats  as  well  as  these  are  converted;  and  third,  that  in  which  albumin- 
ous foods,  as  well  as  starchy  and  oily,  undergo  conversion  into  grape 


sugar 


It' is  obvious  that  in  this  latter  stage  there  is  a  great  CONSUMPTION 
OP  ALBUMEN,  and  in  the  process  oJ  formation  of  the  sugar  urea  is 
formed  as  a  ;aste  product  in  the  chemical  transfonnatron.  We  find, 
therefore,  that  the  UKEA  is  also  »reatlv  in.reasei,  m  the  unne 
am  unting  sometimes  to  two  or  three  times  the  normal  quantity  ,n  h 
twenty  our  hours.    In  this  stage  of  the  disease  there  is  no  doubt  that 
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the  fatty  and  ALBUMINOUS  CONSTITUENTS  OF  THE  TISSUES  are  also  used 
for  the  formation  of  sugar,  and  that  the  albuminous  principles  of  the 
tissues,  hke  the  albumen  of  the  food,  furnish  sugar  and  urea  which 
appear  in  the  urine. 

The  problem  which  we  have  to  face  then  is,  that  in  diabetes  there  is, 
for  some  reason  or  other,  an  excessive  demand  for  sugar  in  the 
organism.  The  greed  for  sugar  seems  to  acquire  intensity  as  the 
disease  advances,  so  that  while  at  first  it  is  only  the  carbo-hydrates 
Avhich  fall  a  victim  to  it,  there  is  ultimately  a  consumption  of  the  nitro- 
genous foods  and  even  of  the  nitrogenous  tissues.  We  have  to  enquire 
what  may  be  the  meaning  of  this  immense  demand  for  sugar.  Looking^ 
to  the  manner  in  which  the  processes  of  the  body  are  arranged,  we  may 
take  it  for  granted  that  there  is  some  need  to  be  supplied  or  else  such  an 
excess  of  material  would  not  be  furnished. 

Sugar  is  a  crystallizable  substance,  and  wherever  it  is  formed  it  will 
readily  be  dissolved  by  the  juices  and  find  its  way  into  the  blood  It^ 
occurrence  in  the  blood  and  its  excretion  by  the  urine  are  therefore 
■smiply  a  result  of  the  ready  solubility  and  difFusibility  of  the  sub- 
stance. Its  presence  in  these  fluids  throws  no  direct  light  on  its  place 
of  origin. 

It  is  natural  to  look  to  the  liver  as  the  source  of  the  sugar  It  is 
well  known  that  the  hver  is  the  place  of  formation  of  a  substance  nearly 
uUied  to  sugar,  namely  GLYCOGEN.  This  substance,  as  its  name  im- 
plies, has  a  great  tendency  to  become  converted  into  sugar  It  is  true 
that  m  the  living  body  the  liver,  apparently,  contains  glycogen  and  not 
sug^r.  If  the  hver  of  an  animal  be  cut  out  immediately  after  death  an<I 
without  delay  placed  in  boihng  water  after  being  cut  into  small 
pieces,  then  it  will  be  chiefly  glycogen  that  will  be  found,  and  an^■ 

re^ce  of  t  '  •      f  ^"'^^^^       -^^'^  ^he  occur- 

he   iver       Tl     r^'i  "  '^^'^  experiment,  and  if  the  removal  of 
he  hver  be  delayed  a  large  amount  of  sugar  will  be  found.  These 
show  that  glycogen  is  always  just  ready  to  be  converted  in^ 
2^    Its  conversion  is,  as  it  were,  every  moment  imminent.  Durino- 
fe  this  conversion  does  not  take  place  to  any  considerable  extent  ani 
rb^dt:  T'  r'^'"'-''^^^-^^^  —  of  sugar  existing  norm  % 
In  0  '  he  b^^  T  '  rr""  '"'-''^'^  a  con  - 

'  "  ^'^^^  -        P-tal  giving- 
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We  have  to  consider,  however,  whether  a  pathological  conversion 
OF  THE  OLYCOGEN  INTO  SUGAR  may  not  occur  in  the  hver,  and  in  this 
regard  the  observations  of  Bock  and  Hoffmann  are  of  great  interest. 
These  observers  succeeded  in  the  production  of  an  artificial  diabetes 
mellitus  l)y  injecting  into  the  blood  of  rabbits  large  quantities  of  a 
watery  sohition  of  common  salt.  The  animals,  soon  after  the  injection 
was  made,  began  to  secrete  a  large  quantity  of  urine,  and  this  urine 
.soon  became  saccharine.  If  the  injection  of  salt  solution  was  persisted 
in,  the  sugar  by  and  by  diminished  in  the  urine  and  ultimately 

disappeared.  . 

The  question  now  was  as  to  the  source  of  the  sugar,  and  the  condition 
of  the  liver  was  examined  with  this  in  view.    It  became  abundantly  clear 
that  the  sugar  in  the  urine  came  from  the  liver  and  was  caused  by  the 
conversion  of  the  glycogen  into  sugar.    In  all  cases  where  the  animal 
was  killed  after  the  diabetes  had  passed  off,  the  liver  was  found  tree 
both  of  the  glycogen  which  exists  normally  and  of  sugar.    If,  on  the 
other  hand,  the  animal  was  killed  while  the  mellituria  existed,  then 
glycogen  and  sugar  were  both  present  in  the  liver.    The  inference  from 
these  observations  is  perfectly  obvious.    The  abnormal  condition  of  the 
blood  causes  the  transformation  of  the  liver  glycogen  into  sugar,  and 
the  latter  being  a  crystalloid  and  readily  diffusible,  it  is  at  once  washed 
out  of  the  hepatic  cells  and  passes  into  the  circulation  and  on  mto  the 
urine.    The  diabetes  ceases  because  all  the  glycogen  m  the  hver  h^ 
undergone  conversion  into  sugar  and  the  source  of  supply  is  exhausted, 
the  liver  in  these  cases  being  found  free  of  both  glycogen  and  sugal^ 
We  may  say,  therefore,  that  a  glycosuria  may  be  produced  by  the 
conversion  of  the  glycogen  within  the  liver  into  sugar. 

It  may  be  said  that  the  diabetes  thus  produced  is  temporary  and  not 
comparable  with  the  permanent  disease  in  the  human  ^^^^Ject.  Le  i . 
suppose,  however,  that  diabetes  is  due  to  the  conversion  o  jhe^  ^^^^^ 
clvcogen  into  sugar,  then  the  problem  with  which  we  started  .vill 
undergo  a  considerable  modification.  We  saw  that  there  is  an  e~ 
prodifction  of  sugar,  but  in  the  view  now  brought  " 
resolve  itself  into  an  excessive  production  of  glycogen  which  und  go. 
conversion  into  sugar.  The  problem  therefore  P^-;^^^^^^^^^^ 
THERE   ANYTHING   TO   ACCOUNT   FOR  THE  EXCESSIVE  FORMATION 

"To  be  presumed  that  glycogen  has  an  important  f-ction  in  tl. 
anirnal  body.  Whether  it  be  used  in  the  production  of  musculai  foi  e 
Tm  ny  si^ose,  or  otherwise,  it  seems  clear  that  such  an  organ  as  the 
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iiver  would  not  be  engaged  in  its  formation  unless  it  had  an  important 
part  to  play.  It  is  to  be  presumed  then  that  glycogen  supplies  some 
need  in  the  organism,  and  that  it  is  formed  in  the  liver  for  that  purpose. 

But  if,  as  soon  as  it  is  formed  in  the  hver,  it  is  transformed  into 
sugar,  then  the  need  in  the  organism  will  not  be  suiDplied.    The  sugar 
being  a  crystalloid  will  be  washed  out,  and  very  little  glycogen  will  get 
into  the  blood.    In  such  circumstances  the  organism  will  have,  as  it 
.  were,  a  hunger  for  glycogen,  the  liver  will  be  stimulated  to  supply  it, 
and  will  produce  more  glycogen.    As  soon  as  it  is  formed,  however,  the 
glycogen  will  be  transformed  into  sugar,  and  the  excessive  demand  for 
glycogen  will  only  result  in  an  excessive  supply  of  sugar.    In  this  case 
the  liver  will  be  stimulated  to  an  ever-increasing  formation  of  glycogen 
which  will  immediately  pass  into  sugar.    We  can  understand  how  in 
the  earlier  stages  all  foods  which  are  near  to  glycogen  in  their  chemical 
composition  will  be  at  once  utilized,  and  how  as  the  disease  goes  on  and 
the  demand  becomes  more  urgent,  the  other  kinds  of  foods  and  even  the 
tissues  of  the  body  will  be  used. 

So  long  therefore  as  the  hepatic  cells  retain  their  activity  we  may 
presume  that  they  will  react  to  the  hunger  for  glycogen,  and  the  pro- 
duction of  sugar  will  be  the  result.  If  the  hepatic  cells  be  destroyed  or 
weakened  the  probability  is  that  the  diabetes  Avill  diminish,  the  disease 
requirmg  that  the  hepatic  cells  retain  their  energy. 

It  would  appear  from  the  above  that  diabetes  is  explainable  on  the 
supposition  that  the  glycogen  undergoes  abnormally  a  transformation 
into  sugar,  and  that  this  occurs  in  the  liver  itself.  We  have  now 
to  inquire  whether  any  indication  exists  as  to  the  cause  of  this 
TRANSFOEMATION  OF  THE  GLYCOGEN. 

In  the  experiments  of  Bock  and  Hoffmann  already  alluded  to  it 
^  appears  that  a  particular  abnormal  condition  of  the  blood  is  capable  of 
producing  this  transformation.    An  enormous  dilution  of  the  blood  with 

sTilr  A ""^f"  ^"^"'^"^       ^^y^'^'- P-««  -to 

X  .J  1  diabetes  has  been  produced  in  a  variety  of  other 

Sn  of  b         r      '"i'^"'^^'  -  -^---al  con- 

'iition  of  the  circulation  of  the  hver. 

of  h  "  n    "  '^''"■"'^  'he  othe,"  arteries 

••nes  at  an  increased  rate  will  reach  the  portal  vein  at  a  high  r 
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pressure  than  noinial.  The  circulation  in  the  livei'  Avill  therefore  he 
accelerated  and  the  l)lood  will  he  less  venous  in  character,  having  passed 
rapidly  through  the  capillaries  of  the  intestines  and  other  organs. 

The  celebrated  diabetic  puncture  of  Bernard  is  made  in  the  medulla 
ol)longata,  and  we  know  that  in  this  part  of  the  nervous  system  are 
situated  the  principal  vaso-motor  centres  of  the  hody.  There  is  there- 
fore here  also  a  paralysis  of  the  arteries  just  as  after  the  inhalation  of 
nitrite  of  amyl.  Injuries  to  the  brain,  spinal  cord,  and  sympathetic 
sometimes  produce  a  temjjOT'ary  glycosuria,  and  they  also  may  cause 
vaso-motor  paralysis. 

The  observations  of  Pavy  are  important  in  this  regard.  He  pro- 
duced glycosuria  by  the  injection  of  delilH-inated  arterial  blood  into  the 
portal  vein,  and  here  again  there  is  an  excessive  supply  of  blood  to  the 
liA-er.  But  then  Pavy  also  produced  glycosuria  by  hgaturing  the  portal 
vein,  and  so  cutting  off  the  blood  supply  except  through  the  hepatic 
artery,  and  at  first  this  result  seems  a  very  contradictory  one. 

The  effect  of  that  experiment  would  be  to  cause  the  liver  to  be 
suppHed  with  arterial  blood  alone,  and  we  may  presume  that  the 
hepatic  artery  would  dilate  and  so  allow  of  an  additional  flow  of  blood. 
According  to  the  researches  of  Cohnheim  and  Litten  (Virchow's  Archiv, 
vol.  Ixvii.)  the  blood  of  the  hepatic  artery,  after  supplying  the  connec- 
tive tissue,  gall  ducts,  and  walls  of  the  large  blood-vessels,  passes  into 
the  inter-lobular  veins  and  on  into  the  proper  hepatic  capillaries,  so  that 
the  blood  of  the  hepatic  arteiy  is  finally  cHstributed  with  that  of  th 
portal  vein.  When  the  portal  vein  is  closed,  the  circulation  in  the 
liver  will  be  kept  up,  but  only  by  the  blood  of  the  hepatic  artery. 

From  these  observations  Pavy  concluded  that  the  cause  of  the 
glycosuria  when  the  portal  vein  was  ligatured  was  the  circulation  a 
arterial  blood  in  the  liver,  and  he  proceeded  to  determine  whether  i 
was  possible  in  animals  to  produce  diabetes  by  supersaturatmg  th 
whole  blood  with  oxygen,  so  that  the  blood  in  the  portal  vem  would  b 
virtually  arterial.    He  effected  this  in  various  ways ;  by  causing  th 
animals  to  inhale  oxygen  ;  by  using  artificial  respiration  till  the  tac 
that  the  animals  ceased  to  make  any  spontaneous  respiratory  movements 
showed  a  deficiency  of  carbonic  acid  ;  by  causing  the  animals  to  inha  e 
carbonic  oxide.    In  all  these  ways  glycosuria  was  produced.    It  woiKl 
appear  therefore  that  when  diabetes  is  artificially  produced  in  annua K 
the  one  essential  condition  is  that  the  liver  should  be  supplied  mU^ 
unduly  oxygenated  blood,  such  blood  causing  the  glycogen  to  be  tran- 
fonned  into  sugar  in  the  liver  itself. 
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We  have  now  to  consider  the  question  whether  this  view  will 
explain  the  occui'rence  of  ciiabetes  in  the  human  subject.    Is  there  any 
e\  idence  of  such  an  alteration  of  the  circulation  in  the  liver  in 
CASES  OF  DIABETES  ?    It  is  to  be  noted  here  that  in  order  to  an  active 
hyperteraia  of  the  portal  circulation  there  must  be  an  active  hyperemia 
in  the  parts  to  which  the  coeliac  and  mesenteric  arteries  are  distributed. 
The  circulation  in  the  portal  vein  depends  entirely  on  that  in  these 
vessels,  and  unless  the  blood  passes  in  greater  abundance  and  more 
■  rapidly  than  it  does  normally  through  the  vessels  of  the  abdominal 
viscera  from  which  the  portal  blood  comes,  then  it  cannot  pass  more 
quickly  through  the  portal  vein.    It  is  not,  therefore,  as  is  sometimes 
stated,  a  question  directly  of  vaso-motor  paralysis  of  the  liver.  More- 
over, if  diabetes  depends  on  the  blood  in  the  portal  vein  being  unduly 
oxygenated,  then  the  only  possible  explanation  of  this  will  be  that  the 
blood  passes  so  quickly  through  the  capillaries  of  the  alimentary  canal 
and  other  organs  that  it  is  imperfectly  deoxygenated.    The  question 
to  be  answered  then  is,  whether  there  is  an^-  evidence  of  diabetes 
bemg  due  to  a  vaso-motor  paralysis  inducing  an  active  hyperemia  of 
all  these  organs. 

Such  a  vaso-motor  paralysis  might  arise  hy  disease  of  the  central 
nervous  system,  or  of  the  local  centres  in  the  abdomen,  mainly  the 
coeliac  plexus.    In  regard  to  the  latter,  some  cases  have  been  recorded 
(by  Frenchs,  Klebs,  and  Recklinghausen)  in  which  diabetes  has  co- 
existed Anth  atrophy,  formation  of  calculi,  or  cancer  of  the  pancreas 
In  cases  observed  l.y  Klebs  there  was,  along  with  the  atrophy  of  the 
pancreas,  a  very  marked  change  in  the  ca3liac  plexus  consistino-  of  a 
great  destruction  of  ganglion  cells.    It  seems  very  probable,  considering 
the  nearness  of  the  pancreas  to  the  coeliac  plexus,  that  a  cancer  or  the 
changes  resulting  from  the  formation  of  calculi  in  the  ducts  of  the 
gland,  might  extend  to  the  cceliac  plexus,  and  Klebs  accounts  for  the 
diabetes  m  his  cases  on  the  view  that  there  was  A  aso-motor  paralysis 
produced  by  the  destruction  of  the  ganglion  cells  of  this  plexus 
In  one  of  his  cases  indeed  there  was  observed  after  death  an  extraordh- 
a  y  dilatation  of  the  hepatic  and  splenic  arteries  and  the  gastric  branches 
0  the  coeliac  axis  the  last  named  branch  attaining  the  size  of  a  goose 

l^lrlr  '  ^^^'^^  ^"""^"^^^  These  facts  seem  to 

confirm  the  view  that  m  man  diabetes  may  be  produced  by  paralysis  of 
the  arteries  m  the  domain  of  the  coeliac  plexus  ^ 

TWe  have  been  also  cases  in  which  diabetes  seemed  to  follow  injury 
to  the  spinal  cord  or  medulla  oblongata,  but  these  have  been  cases  of 
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temporary  glycosuria  coiuparal)le  to  that  following  Bernard's  diabetic 
puncture.  On  the  other  hand  there  have  been  a  few  instances  of 
softening  of  the  brain  and  intra-cranial  tumours  in  cases  of  dialjetes,  but 
these  have  been  too  rare  to  be  regarded  as  of  much  importance  in  the 
pathology  of  diabetes.  For  the  most  part  there  is  little  or  no  alteration 
visible  to  the  naked  eye  in  the  central  nervous  system. 

Recently  Dickinson  has  described  minute  changes  in  the  central 
nervous  system,  consisting  mainly  in  excavations  around  the  arteries, 
produced  apparently  by  exudation  from  these  vessels  with  disintegration 
of  the  brain  substance  around.  In  very  recent  cases  there  was  even 
accimiulation  of  leucocytes  or  haemorrhage  around  the  arteries,  but  in 
the  older  cases  a  cribriform  appearance,  the  arteries  l)eing  surrounded 
by  widened  canals.  These  lesions  are  scattered  through  the  brain,  the 
largest  and  most  striking  being  present  in  the  corpora  striata,  optic 
thalami,  pons,  medulla  oblongata,  and  cerebellum.  They  are  less 
marked  in  the  cord  where  in  addition  there  is  usually  great  dilatation 
of  the  central  canal.  The  Avhite  matter  of  the  cerebral  convolutions 
also  frequently  presents  similar  changes. 

These  lesions  are  held  by  Dickinson  to  be  primary  and  directly 
related  to  the  cause  of  the  disease.  If  this  view  be  correct,  then  we 
,  should  have  lesions  of  the  central  nervous  system  leading  to  diabetes, 
and  doing  so  probably  l)y  vaso-motor  paralysis  of  the  arteries  of  the 
abdominal  viscera.  This  view  is  open  to  the  objection,  however,  that 
these  lesions  in  the  nervous  system  may  possibly  be  secondary,  due  to  a 
dilatation  of  the  arteries,  not  to  exudation  from  them,  especially  as  we 
know  that  exudation  occurs  rather  from  capillaries  and. veins  than 
arteries. 

Turning  to  the  abdominal  organs  themselves,  there  have  been  m 
many  cases  indications  of  congestion  observed.  We  have  already  re- 
ferred to  the  enlargement  of  the  arteries  in  one  of  the  cases  described  by 
Klebs.  The  liver  itself  is  generally  described  as  congested,  and  in  a 
few  cases  there  has  been  thrombosis  of  the  portal  vein. 

The  characteristic  red  tongue  of  advanced  diabetes  has  been  cited 
l)y  Pavy  as  evidence  of  a  progressive  congestion  of  the  ahmentary  canal. 
The  congestion  at  first  is  confined  to  the  al)dominal  organs,  but  in  the 
later  periods  extends  to  the  mouth,  the  vaso-motor  paralysis  being 
progressive. 

All  the  facts  may  be.  held  as  indicating  that  diabetes  depends  on 
the  liver  being  supplied  with  blood  of  an  abnormal  character  and  at  an 
accelerated  rate  of  speed.     The  congestion  of  the  hver  depends  on 
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abnormal  nervous  arrangements,  and  these  may  be  local,  affecting  the 
cceliac  plexus,  or  possibly  situated  in  the  central  nervous  system.  The 
observations  of  Dickinson  would  seem  to  point  in  the  latter  direction, 
but  they  stand  in  need  of  confirmation,  and  besides,  the  lesions  ma.y 
Ijossibly  be  the  effect  rather  than  the  cause  of  the  affection. 

In  regard  to  the  other  changes  in  diabetes  mellitus,  little  has  to  be 
said.  The  tissues  appear  to  be  peculiarly  vulnerable,  wounds  heal 
badly,  inflammations  are  generally  very  severe,  often  going  on  to  sup- 
puration and  gangrene,  phthisis  pulmonahs  often  closes  the  scene,  and 
is  frecj[uently  very  acute.  General  emaciation  is  a  striking  feature  in  ad- 
vanced cases.  The  kidneys  may  be  found  enlarged  and  their  epithehum 
fatty,  but  this  has  no  direct  connection  with  the  essential  pathology  of 
the  affection. 


INFLAMMATION. 


rpHIS  is  a  subject  whose  importance  in  pathology  can  hardly  be  ovei- 
^  estimated.  From  the  time  of  John  Hunter  its  phenomena  have 
been  taken  as  the  basis  of  various  speculations  on  the  nature  of  patho- 
logical phenomena  in  general.  Following  the  course  we  have  hitherto 
adopted,  we  have  first  to  consider  the  conditions  under  which  inflamma- 
tion occurs. 

Etiology  of  Inflammation.— In  many  cases  the  causes  of  mfiam- 
mation  are  obscure,  and  this  apphes  mainly  to  internal  organs  whose 
actions  are  greatly  hidden  from  our  view.  Inflammation  is  producible 
ARTIFICIALLY,  and  if  we  study  the  modes  of  production  we  shall  find 
that  agents  are  used  to  which  the  general  name  of  IRRITANTS  is  apphed. 
The  inflammation  is  produced,  it  is  said,  by  irritating  the  part  m  some 
way  This  name  irritant  is  apt  to  be  misleading,  as  it  very  readilj- 
gives  rise  to  the  conception  of  a  stimulating  action ;  whereas  if  we  con- 
sider the  nature  of  the  so-called  irritants  we  shall  find  that  they  are 
rather  of  a  deadening  than  of  a  stimulating  kind.  They  are  agents 
which,  when  acting  strongly,  are  calculated  to  kill  the  tissues,  and  acting 
less  strongly  they  may  be  supposed  to  damage  it ;  it  is  in  this  case  that 
thev  produce  inflammation.  A  certain  degree  of  heat  or  cold  Mail  kill, 
■i  less  degree  will  lead,  if  sufficiently  prolonged,  to  inflammation.  Such 
agents  as  croton  oil,  nitrate  of  silver,  chloride  of  zinc,  have  a  damaging 
action  on  the  tissues,  and  they  are  some  of  the  commonest  m  use  when 
Inflammation  is  to  be  produced.  Again,  traumatic  causes  produce 
inflammation;  a  direct  injury  inflicted  may  kill,  but  acting  less  vigor- 
ously it  may  produce  inflammation. 

be  said,  perhaps,  that  in  inflammation  of  mternal  organ, 
there  is  no  such  definite  cause  to  )>e  discovered.      n  pneumoma  . 
mTJht  he  supposed  that  there  is  no  direct  irritant  or  deletenous  agen. 


ETIOLOGY  OF  INFLAMMATION. 


73 


attacking  the  lung  tissue.  But  even  here  there  is  reason  to  believe 
that  there  is  some  such  agent  at  work.  In  one  of  the  hospitals  in 
Glasgow  a  medical  man  prescribed  a  table-spoonful  of  cough-mi:!j:ture  ; 
the  nurse  gave  a  table-spoonful  of  carbolic  acid  instead.  The  result 
was  an  acute  pneumonia  presenting  the  usual  physical  signs  and 
symptoms.  In  this  case  there  was  a  deleterious  agent  introduced  into 
the  stomach  and  so  into  the  circulation,  and  it  acted  on  the 
tissue  of  the  lungs  (perhaps  mainly  on  the  blood-vessels),  possibly 
<luring  the  process  of  excretion  by  these  organs  ;  the  result  was  an  acute 
inflammation. 

Again,  when  large  blisters  are  applied,  it  sometimes  happens  that 
the  active  chemical  principle  is  absorbed,  and,  passing  into  the  blood, 
produces  inflammation  of  the  kidneys  probably  during  the  process  of 
excretion.  We  have  seen  also  that  after  transfusion  of  blood  the 
hsemogiobin  is  sometimes  'dissolved  out  from  the  blood  corpuscles  and 
produces  inflammation  of  the  kidneys.  And  so  in  all  inflammations  M^e 
are  to  infer  the  existence  of  some  deleterious  agent,  although  it  is 
very  often  diflicult  to  tell  whence  it  has  come  and  what  is  its  nature. 

At  this  point  it  may  properly  be  enquired,  whether  the  nervous 
SYSTEM  has  anything  to  do  with  the  causation  of  inflammation.  There 
are  not  a  few  facts  which  suggest,  at  least,  some  connection.  In  some 
of  the  instances  the  connection  is  clearly  an  indirect  one.  For  instance, 
when  inflammation  of  the  eye  results  from  division  of  the  fifth  nerve,' 
the  inflammation  is  really  traumatic  in  its  origin.  By  the  severance  of 
the  nerve  the  reflex  action  of  winking  is  aliolished  as  Veil  as  the  secre- 
tion of  tears,  and  so  the  organ  is  exposed  to  injuries  and  unal^le  to  get 
lid  of  foreign  bodies.  The  inflammation  is  the  result  of  irritation  from 
wthout,  and,  if  the  eye  l^e  carefully  preserved  against  such  injuries,  the 
inflammation  does  not  occur. 

But  there  are  cases  where  nervous  action  has  a  very  important  and 
apparently  direct  relation  to  the  cause  of  the  inflammation.    A  man 
^vith  a  stone  impacted  in  his  urethra  will  have  an  inflammation  of  the 
testicle.    Or  after  the  passage  of  a  bougie  through  a  urethra  with  a 
Martially  healed  wound,  there  will  be  a  rigor  with  immediate  suppression 
ot  unne  and  an  acute  inflammation  of  the  kidney.    These  results  can 
>nly  be  eff-ected  by  reflex  action,  and  there  are  various  ways  in  which 
we  may  suppose  them  to  occur.    Reflex  irritation  may  produce,  through 
he  va^so-motor  nerves,  a  contraction  of  the  arteries  of  an  organ,  and 
.1  the  case  of  the  kidney  this  contraction  may  conceivably  be  sufficient 
virtually  to  brmg  the  circulation  to  a  standstill.      The  immediate 
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suppression  of  urine  resulting  on  the  passage  of  a  bougie  can  scaicely  l)e 
accounted  for  except  on  the  supposition  of  sucli  a  spasmodic  con- 
traction amounting  almost  to  occlusion  of  the  i-enal  arteries.  If  such 
a  stagnation  of  the  blood  continues  long  enough  the  vessels  will  be 
so  damaged  that  when  the  circulation  is  restored  inflammation  must 
result. 

But  there  are  cases  of  internal  inflammations  which  cannot  l)e  ex- 
plained merely  on  the  supposition  of  a  reflex  stimulation  of  the  vaso- 
motor nerves.  The  manifest  relief  which  many  inflammations  undergo 
in  consequence  of  counter-irritation  has  been  pointed  out  by  Lister  as 
indicating  the  influence  of  the  nervous  system  in  producing  inflamma- 
tion. The  application  of  the  actual  cautery  to  the  skin  over  an 
inflamed  and  painful  joint  will  often  relieve  the  pain  and  inflammation 
instantaneously.  It  is  as  if  there  was  in  the  nerves  of  the  part  a  state 
of  over-action  which  affected  injuriously  the  tissues.  This  over-action 
being  relieved  by  a  still  greater  stimulation  of  nerves  connected  reflexly, 
the  inflammation  subsides. 

It  is  probable  that  even  in  such  cases  nervous  action  alone  is  not 
sufficient  to  produce  inflammation.  It  is  more  likely  that  under  certain 
conditions  of  the  local  nervous  arrangements  the  tissues  are  specially 
weak,  and  are  liable  to  be  damaged  by  agents  which,  under  normal 
conditions,  they  would  resist.  It  has  been  shown  that  a  mild  inflamma- 
tion of  the  bone  marrow  produced  by  caustics  may  be  converted  into 
an  intense  inflammation  by  causing  the  animal  to  eat  putrid  food. 
Here  an  existing  damaged  state  makes  the  tissues  unable  to  resist  the 
attack  of  a  further  damaging  agent  which  normally  they  are  able  to 
withstand.  It  may  be  similar  in  the  case  of  many  internal  inflamma- 
tions produced  apparently  by  exposure  of  the  surface  of  the  body  to 
cold.  Such  exposure  may  produce,  by  reflex  action,  a  state  of  the 
nervous  system  rendering  the  organ  peculiarly  liable  to  damage  from 
conditions  of  the  blood  which  otherwise  would  not  produce  any  such 
effect.  In  all  these  cases,  also,  it  is  to  be  borne  in  mind  that  the  reflex 
action  may  affect  specially  the  vascular  system. 

It  may  be  added  that  besides  conditions  brought  about  through  the 
nervous  system  there  may  be  individual  peculiarities,  hereditary  or 
acquired,  rendering  different  persons  variously  liable  to  the  action  of 
irritants,  and  even  in  the  same  person  the  various  organs  of  the  body 
may  show  different  degrees  of  resistance.  The  character  of  the  inflam- 
mation also  will,  to  some  extent,  be  influenced  not  merely  by  the 
nature  of  the  agent  causing  it,  but  also  by  the  state  of  the  individual. 
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In  studying  individual  cases  of  inflammation  it  will  be  import- 
ant to  consider  by  what  path  the  irritant  has  reached  the 
PART  which  has  become  inflamed.  In  many  cases  it  reaches  it  by  the 
blood,  and  as  the  blood  is  distributed  in  every  part  of  the  organ,  the 
inflammation  will  not  probably  show  any  special  localization.  And  so, 
when  we  find  two  symmetrical  organs  both  of  which  are  attacked  in 
every  region,  we  generally  infer  that  the  agent  causing  the  inflammation 
has  come  by  the  blood  or,  at  least,  by  a  path  common  to  both.  Of 
•course,  there  may  be  local  differences  in  the  organ  itself  of  such  a 
character  that  every  part  will  not  be  equally  susceptible  to  the  action  of 
an  agent  calculated  to  produce  inflammation,  and  so  the  disease  may 
develop  more  in  one  part  of  the  organ  than  in  another,  although  the 
general  character  of  its  distribution  will  generally  still  suggest  the  path 
by  which  the  agent  has  come. 

THE  PEINCIPAL  PHENOMENA  OF  INFLAMMATION. 

The  classical  signs  of  inflammation  are  redness,  swelling,  heat,  and 
pain,  but  in  studying  the  nature  of  the  process  it  will  not  be  proper  to 
follow  this  division.  We  have  to  investigate  the  exact  nature  of  the 
processes  occurring  in  the  inflamed  part,  and  in  order  to  obtain  a 
comprehensive  view  of  the  subject  we  shall,  in  the  first  instance,  give  an 
illustration  which  exhibits  the  main  phenomena,  and  afterwards  consider 
the  subject  under  headings  suggested  by  that  illustration. 

A  simple  experiment  may  be  performed  to  illustrate  the  prin- 
cipal phenomena  at  the  outset  of  an  acute  inflammation.  If  a  frog  be 
paralysed  with  curare,  the  web  of  the  foot  may  be  spread  out  and 
observed  under  the  microscope.  With  a  pair  of  scissors  a  superficial 
longitudinal  wound  may  be  made,  taking  care  to  remove  little  more  than 
the  epithelium.  By  this  operation  the  connective  tissue  of  the 
web,  with  its  vessels,  is  exposed ;  the  action  of  the  scissors  in 
cutting,  and  the  unusual  exposure  to  the  air,  affect  these  structures, 
and  the  various  phenomena  of  inflammation  soon  begin  to  manifest 
themselves,  care  being  taken  to  keep  a  moist  atmosphere  around 
the  web  so  as  to  prevent  the  wound,  deprived  of  its  epidermis, 
from  drying.  At  first  the.  circulation  goes  on  in  the  bottom  of 
the  wound  as  before,  the  area  is  merely  more  transparent  from 
the  absence  of  the  epithelium.  But  very  soon,  if  an  artery  is  near  or 
in  the  wound,  it  dilates,  and  there  is  an  acceleration  of  the  stream  in 
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the  capillaries  and  veins.  But  this  soon  disappears,  and  the  circulation, 
es))ecially  in  the  capillaries,  becomes  slower  and  slower,  till  here  and 
there  the  blood  cor-puscles  now  and  then  stand  still  for  a  moment  or  two. 
By  and  by  a  peculiar  condition  becomes  visible  in  the  veins.  Normally, 
the  blood  corpuscles  flow  down  the  middle  of  the  vein,  and  the  peri- 
pheral zone  contains  plasma  with  a  few  white  corjjuscles  rolling  along.  As 
the  inflammation  proceeds,  the  white  cor])uscles  come  to  occupy  this 
zone,  and  to  adhere  to  the  inner  surface  of  the  vessel.  The  individual 
corpuscles  may  not  be  all  absolutely  stagnant,  they  adhere  for  a  time 
and  then  depart,  but  the  result  of  the  process  is  that  there  is  a  nearl}' 
complete  filling  up  of  the  zone  with  white  blood  corpuscles,  so  that  the 
vein  seems  pavemented  internally  Avith  these  cells.  This  is  seen  not 
only  in  any  vein  which  may  happen  to  be  in  the  bottom  of  the  wound, 
but  also  in  those  for  a  short  distance  outside  it. 

If  the  attention  be  now  directed  to  the  surface  of  the  wound,  it  soon 
becomes  manifest  that  certain  peculiar  bodies  are  appearing  there. 
These  are  at  first  seen  mostly  towards  the  edge  of  the  wound,  and  are 
especially  numerous  in  the  neighljourhood  of  veins  where  the  white 
corpuscles  are  adherent.  They  are  of  various  shapes,  and  present  a 
transparent  gelatinous  appearance.    If  observed  carefully  they  are  seen 

to  be  altering  their  shapes,  present- 
-'^^     f^'^  ing  the  well-known  amoeboid  move- 

^  ^     ment,  such  as  shoAra  in  Fig.  21. 

^^t^  cells  gradually  increase  in 

#W  f^"  ^        numbers,  and  by  their  contractile 

g  '         [j  '  power  they  move  from  the  peripher}- 

, ,  ,    towards  the  centre  of  the  wound  till 

Pig.  21. — A  leucocyte  n-om  human  blood  .  . 

showing  amoeboid  movement.    (Klein.)  they  may  COmC  tO  COVer  it  entirely. 

These  bodies  may  be  removed  from  the  wound  by  placing  the  end  of  a 
capillary  glass  tube  on  the  surface.  A  fluid  runs  up  into  the  tube, 
and  in  this  fluid  are  these  free  cells.  The  fluid  may  now  be  blown  on 
to  a  glass  slide  and  examined  under  a  higher  power  of  the  microscope, 
when  the  slow  amoeboid  movement  will  Ije  still  more  manifest.  If,  in 
the  drop  of  fluid,  these  bodies  are  allowed  to  die  or  are  killed  by  the 
addition  of  a  reagent,  they  become  globular  and  granular,  in  fact,  have 
the  characters  we  recognize  as  those  of  white  blood  corpuscles,  lymph 
corpuscles,  pus  corpuscles  -of  leucocytes  in  general.  The  addition  of 
acetic  acid  to  the  living  cells  will  first  cause  them  to  assume  the  globular 
form,  and  then  will  bring  out  the  nucleus  or  nuclei  as  in  an  ordinary 
white  corpuscle.     The  fluid  in  which  these  corpuscles  are  found  is 
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coagulable,  and  if  it  be  kept  till  the  corpuscles  have  died  strings  of 
fibrine  Avill  be  found  in  it.  If  this  experiment  be  made  in  summer,  the 
whole  of  these  phenomena  will  manifest  themselves  in  a  few  hours,  and 
in  five  or  six  hours  the  entire  wound  may  be  plastered  over  with 
amoeboid  cells. 

In  the  course  of  a  few  more  hours  the  wound  begins  to  be  covered  in 
with  new-formed  flat  epithelium.  This  begins  at  the  margins,  and  if 
the  wound  is  small  it  may  be  wholly  covered  within  twenty-four  hours. 
The  amoeboid  cells  are  covered  in,  but  they  very  soon  disappear,  and 
the  connectiA  e  tissue  of  the  web  remains  with  a  thin  transparent 
epithelium  covering  it. 

Without  following  out  this  experiment  further,  we  may  now  proceed 
to  consider  the  principal  phenomena  of  inflammation,  which  have  been 
partly  illustrated.  We  shall  consider,  first,  the  state  of  the  vessels  ; 
secondly,  the  condition  which  is  illustrated  in  this  experiment  by  the 
fluid  on  the  surface  of  the  wound  containing  amoeboid  cells  ;  and  lastl}- , 
the  condition  of  the  tissues  in  inflamed  parts. 

I. — THE  STATE  OF  THE  VESSELS  IN  INFLAMMATION. 

When  an  irritant  is  applied  to  a  transparent  vascular  tissue,  such  as 
the  tongue  or  web  of  the  frog,  it  produces  effects  which  vary  slightly, 
according  to  its  nature.  If  croton  oil  be  applied,  there  is  first  a  slight 
contraction  of  the  arteries,  soon  followed  by  a  dilatation  of  them.  If 
ammonia  be  used,  there  is  dilatation  without  previous  contraction.  The 

DILATATION  OF  THE  ARTERIES  leads  tO   an   ACTIVE  HYPER.^LMIA,  the 

current  is  accelerated  in  the  arteries,  capillaries,  and  veins,  and  these 
vessels  are  overfilled ;  there  is  a  great  excess  in  the  quantity  of  blood 
passing  through  the  vessels.  The  acceleration  of  the  current  does  not 
persist,  however,  in  the  most  affected  parts  ;  on  the  contrary  the  blood 
corpuscles  begin  to  lag,  especially  in  the  capillaries  and  veins,  although 
there  is  still  acceleration  in  the  arteries,  and  in  the  capillaries  and  veins 
in  the  less  inflamed  parts.  This  stagnation  in  the  capillaries  and  veins 
may  assume  a  high  degree,  especially  in  the  part  most  acted  on  b}- 
the  irritant.  Although  the  current  is  slow  in  these  vessels  the}- 
remain  overfilled,  a  passive  hyperemia  supervenes  on  the  active 
hypersemia ;  at  the  same  time  the  white  corpuscles  accumulate  on  the 
internal  wall  of  the  veins  in  the  manner  already  described,  and  they  also 
adhere  at  intervals  in  the  capillaries.  The  circulation  may  come  almost 
to  a  standstill  in  the  capillaries  of  the  parts  most  affected,  while  at 
various  distances  out  from  this  there  will  be  manifest  a  less  and  less 
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amount  of  retardation  till  a  zone  is  reached  where  the  retardation  dis- 
appears, and  by  and  by  gives  place  to  accelei-ation. 

We  have  now  to  consider  what  may  be  the  explanation  of  these 
various  phenomena  which  the  vessels  manifest.  The  observations  of 
Lister  {Phil.  Trans,  for  1858,  vol,  148)  present  us  with  a  view  of  this 
subject  which  has  been  largely  confirmed  by  other  observers,  and  has 
only  been  corrected  in  one  or  two  particulars.  Saviotti  has  also  pub- 
lished some  very  excellent  researches  (Virchow's  Archiv,  vol.  1.)  which 
are  for  the  most  part  confirmatory  of  Lister's  views. 

Contraction  of  the  vessels,  which  is  in  some  cases  the  primary 
phenomenon,  is  probably  reflex.  It  is  frequently  absent,  and  when  it 
occurs  is  always  very  transitory.  Irritation  of  sensory  nerves  is  known 
to  produce  contraction  of  arteries  by  reflex  action.  If  the  web  of  the 
frog  be  observed  under  the  microscope,  and,  at  the  same  time,  the  skin 
irritated  by  tapping  or  by  twitching  with  the  forceps,  the  arteries  will 
be  seen  to  contract,  and  this  contraction  does  not  occur  if  the  sciatic  is 
first  divided.  In  the  case  of  inflammation,  therefore,  we  may  conclude 
that  the  primary  contraction  when  it  occurs  is  reflex,  produced  l)y  the 
irritation  of  the  sensory  nerves. 

The  dilatation  of  the  arteries  leading  to  acceleration  of  the  stream, 

or  ACTIVE  HYPEREMIA  (also  Called  DETERMINATION  OF  BLOOD),  is  not, 

like  the  contraction,  of  reflex  origin.  In  order  to  enforce  what  follows, 
it  is  important  here  to  recall  the  fact  that  irritants  act  injuriously  on 
the  tissues,  and,  in  a  certain  sense,  paralyse  them. 

That  the  eff"ect  of  irritants  is  to  paralyse  the  tissues  was 
long  ago  shown  by  Lister  in  his  important  researches  on  inflammation. 
The  skin  of  the  frog  is  suppHed  with  pigment  cells.  These  cells  are 
branching  bodies  (they  are  shown  in  Fig.  15,  p.  52),  and  they  possess 
the  power  of  scattering  the  pigment  into  many  branches,  or  of  concen- 
trating it  more  or  less  into  the  central  parts  of  the  .  cell.  They 
are  under  the  command  of  the  nervous  system,  and  by  their  means  the 
animal  is  capable  of  changing  its  colour,  presenting  a  dark  hue  when 
the  pigment  is  dispersed,  and  a  lighter  colour  according  to  the  degree  of 
concentration.  Some  irritants  have  the  immediate  eff'ect  of  dispersnig 
the  pigment,  and  this  itself  is  so  far  an  evidence  of  paralysis  as  the 
dispersed  condition  seems  to  be  the  state  of  rest  of  the  cells ;  but  whether 
the  pigment  is  dispersed  or  not,  the  animal  loses  control  of  its  pigment 
in  the  aff-ected  area,  which  does  not  change  its  colour  mth  the  rest  of 
the  skin,  and  may  be  found  dark  while  the  animal  is  pale,  etc. 
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We  have  already  had  occasion  to  remark  that,  as  Lister  long  ago 
inferred,  there  are  probably,  in  connection  with  the  arteries,  peripheral 
ganglia  Avhich  are  the  immediate  regulators  of  the  state  of  contraction 
of  these  vessels.  If  these  ganglia  be  paralysed  the  arteries  will  dilate, 
and  this  is  apparently  the  cause  of  the  dilatation  under  consideration. 
That  the  dilatation  is  not  reflex  seems  sufficiently  proved  by  the 
fact  that  it  occurs  after  all  connection  with  the  central  nervous  organs 
has  been  severed.  For  instance,  the  sciatic  nerve  has  been  divided  in  a 
■frog's  leg  with  resulting  dilatation,  but  the  application  of  an  irritant  to 
the  web  pi-oduces  an  increase  of  the  dilatation.  Again,  the  brain  and 
spinal  cord  in  the  frog  have  been  destroyed  (Cohnheim),  but  the  applica- 
tion of  an  irritant  to  the  tongue  still  produces  dilatation  of  its  arteries. 
The  acceleration  of  the  blood-current  in  the  arteries,  capillaries,  and 
veins,  will  be  understood  from  what  has  gone  before  to  be  a  direct  result 
of  the  dilatation  of  the  arteries ;  we  have,  in  fact,  an  active  hypersemia. 
It  will  not  be  understood,  however,  that,  apart  from  inflammation,  active 
hypersemia  is  never  produced  by  reflex  action ;  it  is  frequently  so,  but 
inflammatory  active  hypersemia  is  a  local  phenomenon.  It  is  not 
impossible  that  an  inflammatory  may  be  associated  with  a  reflex 
hypersemia,  and  the  problem  may  in  this  way  be  complicated. 

The  cause  of  the  retardation  may  not  at  first  be  apparent, 
but  the  researches  of  Lister  afford  an  explanation  of  it.  The  cause 
of  the  retardation  is  an  increased  adhesiveness  of  the  blood  cor- 
puscles. This  is  a  matter  of  direct  observation.  The  corpuscles  in 
the  inflamed  area  can  be  seen  to  move  sluggishly  along  the  wall  as  if 
attracted  by  it,  and  the  pavementing  of  the  veins  with  white  cor- 
puscles is  clearly  due  to  increased  adhesiveness.  It  has  been  pointed 
out  by  Lister  that,  when  the  blood  is  removed  from  the  vessels  and 
comes  in  contact  with  dead  matter,  the  blood  corpuscles  acquire  an 
adhesiveness  which  they  do  not  possess  inside  the  normal  vessels.  The 
red  corpuscles  stick  together  by  their  flat  surfaces  and  form  the  well- 
known  rouleaux.  The  adhesiveness  of  the  white  corpuscles  is  not 
so  obvious  when  a  drop  of  blood  is  examined  outside  the  body,  but  we 
have  reason  to  believe  that  it  is  even  greater  than  that  of  the  red. 
Now  inflammation  damages  the  walls  of  the  vessels,  with  the  result 
that  the  corpuscles  behave  as  if  in  the  presence  of  dead  matter — they 
become  adhesive.  This  is  excellently  shown  in  an  experiment  of  Lister's. 
He  ligatured  the  leg  of  a  frog,  producing  thereby  stagnation  of  the  blood 
m  the  vessels,  but  on  examining  the  web  it  could  be  seen  that  the 
corpuscles  were  able  to  move  freely  among  one  another — there  was 
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obviously  no  adhesiveness.  But  now,  if  a  piece  of  mustard  was  applied 
to  the  web,  this  free  niovenieiit  ceased  in  the  area  affected ;  the  coi- 
])\iscles  became  adherent  among  themselves  and  to  the  wall  of  the 
vessels.  The  result  of  this  was  an  accumuhition  of  the  corpuscles  in 
the  irritated  area ;  any  corpuscles  which  happened  to  glide  into  the  area 
remained  adherent  there,  and  so,  by  degrees,  the  vessels  became  over- 
tilled —  a  state  of  hypersemia  superinduced  on  stagnation.  If  any 
corpuscle  happened  to  escape  from  the  affected  area,  it  ceased  to  be 
adhesive,  and  moved  freely  about. 

We  may  therefore  infer  that  the  retardation  of  the  current  and  the 
pavementing  of  the  veins  -with  white  corpuscles  are  the  result  of  the  injur}- 
to  the  vessel  wall,  and  it  may  be  added  that,  in  connection  with  inflamma- 
tions, all  degrees  of  stagnation  up  to  absolute  stoppage  or  stasis  may  l)e 
produced,  and  are  often  manifested  together  in  the  same  case. 

We  may  now  sum  up  the  conditions  presented  by  the  blood-vessels  in 
the  early  periods  of  inflammation  as  follows :  the  arteries  dilate  by  a  relax- 
ation of  their  muscular  coats,  due  to  a  paralysis  of  the  peripheral  ganglia. 
In  some  cases  this  dilatation  is  preceded  by  an  evanescent  contraction. 
The  immediate  result  of  the  dilatation  of  the  arteries  is  active  hjq^ersemia, 
or  determination  of  blood,  involving  overfilling  of  the  arteries,  capillaries, 
and  veins,  with  acceleration  of  the  current.  This  is  followed  by  retard- 
ation of  the  current,  the  vessels  remaining  dilated  and  hypersemic,  and 
this  retardation  may  go  on  to  almost  complete  stasis  in  the  capillaries. 
The  retardation  is  due  to  adhesiveness  of  the  corpuscles,  and  to  the 
same  cause  is  to  be  traced  the  pavementing  of  the  veins  with  white 
corpuscles. 

It  is  sometimes  possil^le  in  acute  inflammation  of  the  skin,  as  in  the 
case  of  a  boil,  to  observe  conditions  directly  traceable  to  the  state  of  the 
vessels  here  indicated.  Thus  at  the  peripheral  parts  of  such  a  focus  of 
inflammation  the  skin  presents  a  fiery-red  appearance  due  to  determina- 
tion of  blood  ;  the  red  colour  may  be  pressed  away  with  the  finger,  but 
it  immediately  returns.  Inside  this  zone  there  is  an  area  in  which  the 
redness  is  not  so  vivid,  and  when  the  red  colour  is  pressed  away  it 
returns  sluggishly ;  the  corpuscles  are  here  already  adherent,  and  the 
current  retarded."  Then  in  the  more  central  parts  a  dusky  red  ap- 
pearance is  presented,  and  on  pressure  it  may  be  impossible  or  xery 
difficult  to  remove  the  redness ;  here  a  condition  of  extreme  stagnation 
exists. 


In  connection  with  the  state  of  the  vessels,  we  have  to  consider  the 
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TEMPERATURE  OF  INFLAMED  PARTS.  It  is  well  known  that  heat  is  one  of 
the  so-called  cardinal  symptoms  of  inflammation,  and  in  external  parts  a 
feeling  of  heat  is  almost  universally  complained  of.  The  nerves  of  internal 
parts  seem  incapable  of  commnnicating  the  sense  of  differences  in  heat 
and  cold.  A  hot  potato  swallowed  gives  an  impression  of  pain,  and  it 
may  be  argued  that  the  pain  in  internal  parts  during  inflammation  is 
partly  due  to  increase  of  temperature.  We  have  to  enquire  whether 
there  is  an  actual  production  of  heat  in  inflamed  external  and  internal 
parts. 

There  is  no  doubt  that  the  temperature  of  inflamed  external  parts  is 

I  increased  in  inflammation.  John  Hunter  long  ago  determined  this  by 
actual  observation.    He  had  a  case  of  hydrocele  to  deal  with,  and  under- 

it|  took  its  treatment  by  the  old  operation  of  laying  open  the  sac  and 
inserting  hnt  dipped  in  an  irritating  salve  with  a  view  to  producing 
inflammation.    At  the  time  of  the  operation  he  found  that  the  tempera- 

^l.ture  in  the  tunica  vaginaKs  was  92°,  but  next  day,  inflammation  having 
been  induced,  the  temperature  had  risen  to  98|°.    The  question  here 

M  arises  whether  this  increase  of  temperature  is  due  to  an  actual  produc- 
tion of  heat  in  the  inflamed  part,  or  to  an  increased  supply  of  hot  blood, 

g  due  to  dilatation  of  the  arteries. 

I|  That  there  is  A  greatly  increased  supply  of  blood  to  inflamed 
external  parts  has  been  proved  by  experiment  (Cohnheim).  If  the  fore- 
leg of  a  dog  be  inflamed  by  scalding  or  by  painting  with  croton  oil  or 
any  other  method,  the  quantity  of  blood  coming  from  the  limb  may  be 
compared  with  that  on  the  sound  side  by  introducing  cannulas  into  the 
corresponding  veins  on  the  posterior  aspects  of  both  legs.  In  a  recent 
inflammation  the  amount  of  blood  on  the  inflamed  side  may  reach 
nearly  the  double  of  that  on  the  sound  side,  and  it  may  even  be  as  great 
as  when  the  arteries  have  been  relaxed  in  a  limb  by  dividing  the 
axillary  plexus  of  nerves.  This  extreme  degree  of  difference  may  not 
continue  long,  but  even  for  some  days  it  is  frequently  very  considerable. 
The  relaxation  of  the  arteries,  it  is  clear,  produces  a  determination  of 
lilood  which  extends  beyond  the  immediate  focus  of  the  inflammation, 

^  and  is  not  counter-balanced  by  the  retardation. 

John  Hunter,  having  determined  the  great  increase  in  temperature 
above  referred  to,  yet  came  to  the  conclusion  that  it  was  due  to  the  de- 
termination of  blood,  for  he  found  that  the  temperature  of  an  inflamed 
external  part  never  exceeded  or  even  quite  reached  that  of  a  normal  in- 
ternal part,  or,  in  other  words,  of  the  blood  in  internal  organs.  Since 
Hunter's  time,  Simon  has  thought  to  prove  that  there  is  some  develop- 
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ment  of  heat  in  inflamed  parts.  His  experiments  seemed  to  show  that 
the  aiterial  blood  passing  to  an  inflamed  external  part  is  not  so  warm 
as  the  focus  of  inflammation,  and  that  the  venous  blood  returning  from 
the  part  is  warmer  than  the  arterial  blood,  although  not  so  warm  as  the 
focus  of  inflammation.  But  the  experiments  of  Jacobsen,  made  with 
more  exact  instruments,  entirely  confirm  the  views  of  Hunter.  It  ap- 
pears that  the  most  acute  inflammation  of  the  skin  or  muscle  never 
causes  an  elevation  of  temperature  sufficient  to  reach  that  of  the  rectum, 
vagina,  or  abdomen,  the  difference  being  generally  1°  to  2°  C.  Again, 
in  artificial  inflammations  of  internal  parts,  as  in  peritonitis  or  pleurisy, 
the  temperature  was  never  raised  to  that  of  the  left  ventricle,  being 
always  from  -T  to  -5°  C.  under  it.  This  means  that  in  these  parts,  the 
temperature  being  already  near  that  of  the  blood  in  the  left  ventricle  of 
the  heart,  inflammation,  leading  to  an  increased  supply  of  blood  of  a 
similar  temperature,  causes  virtually  no  elevation  above  the  normal 
heat.  Again  Cohnheim  has  found  that,  when  in  one  fore-paw  of  a  dog, 
a  state  of  acute  inflammation  is  induced,  while  in  the  other  active  hyper- 
£emia  is  produced  by  dividing  the  axillary  plexus  of  nerves,  the  tem- 
perature in  the  inflamed  foot  is  always  slightly  less  than  that  in  the 
other.  We  may  safely  infer,  then,  that  in  inflammation  there  is  no  local 
production  of  heat. 


II. — THE  INFLAMMATORY  EXUDATION. 

In  the  experiment  sketched  at  the  outset  the  inflammatory  exudation 
was  the  fluid  which  collected  on  the  surface  of  the  wound.  We  saw 
that  this  fluid  contained  amoeboid  cells,  and  that  it  was  coagulable.  We 
may  thus  consider  the  inflammatory  exudation  as  consisting  of  cells, 
serous  fluid,  and  fibrine,  and  we  shall  in  the  first  place  pass  each  of  these 
under  review. 

The  Exudation  Cells.— The  resemblance  of  the  cells  met  with  in 
acute  inflammations  to  the  leucocytes  in  the  blood  long  ago  sug- 
gested the  idea  that  they  are  white  blood  corpuscles.  In  the  year 
1846  Waller  observed  the  pavementing  of  the  internal  coat  of  the 
veins  with  white  blood  corpuscles  in  the  inflamed  tongue  of  the  frog, 
and  as  he  saw  similar  cells  outside  the  vessel  he  inferred  that  the  white 
corpuscles  had  got  through  the  wall.  It  was,  however,  difficult  to 
believe  that  the  sohd  globular  white  corpuscles  could  pass  through  the 
intact  wall  of  a  blood-vessel,  and  Waller's  views,  although  supported  b>- 
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Wm.  Addison,  were  lost  sight  of.     By  and  by,  however,  Reckling- 
hausen demonstrated  that  pus  corpuscles  and  white  blood  corpuscles 
possess  contractile  power  by  virtue  of  which  they  are  able  to  move  from 
place  to  place,  and  to  alter  their  shapes  in  the  most  diverse  fashion. 
This  paved  the  way  for  the  actual  observation  of  their  passage  through 
the  walls  of  the  vessels  made  by  Cohnheim.    He  made  his  observations 
on  the  mesentery  of  the  frog.     Vihen  this  exceedingly  delicate  and 
transparent  structure  is  drawn  out  of  the  body  through  a  wound  in  the 
lateral  aspect  of  the  abdomen,  the  mere  exposure  to  the  air  is  sufficient 
to  set  up  an  acute  inflammation,  the  phenomena  of  which  can  be  readily 
observed  under  the  microscope.    Let  us  suppose  that  the  pavementing 
of  the  veins  has  occurred,  and  that  there  is  an  occasional  white  cor- 
puscle adherent  in  the  capillaries,  and  the  following  surprising  phen- 
omena show  themselves,  as  described  by  Cohnheim  himself.    "  One  sees, 
as  a  rule,  first  in  a  vein  which  presents  the  pavementing  with  white 
corpuscles,  but  sometimes  in  a  capillary,  a  pointed  projection  in  the 
external  contour  of  the  vessel ;  it  pushes  itself  farther  and  farther  out- 
wards, it  increases  in  thickness,  and  the  pointed  projection  develops 
into  a  colourless  rounded  knob ;  this  increases  in  length  and  thickness, 
sends  out  fresh  points,  and  draws  itself  gradually  outwards  from  the 
vessel  wall,  with  which  it  comes  to  be  connected  only  by  a  long  thin 
stem.    Finally,  this  also  lets  go  the  vessel,  and  there  lies  outside  a 
colourless,  dull,  glancing,  contractile  corpuscle,  with  several  short  pro- 
cesses and  a  long  one,  of  the  size  of  a  white  blood  cell,  with  one  or 
several  nuclei ;  in  a  word,  a  white  blood  corpuscle." 

In  the  investigation  of  inflamed  tissues  in  the  usual  way  after  death 
there  are  often  indications  to  be  met  .vith  of  this  process  of  emigration 
of  the  white  blood  corpuscles.  The  leucocytes  in  the  tissues  for 
instance,  are  frequently  aggregated  especially  around  the  blood-vessels 
In  the  accompanying  Fig.  22,  the  appearances  in  the  human  omentum 
are  shown  m  a  somewhat  diagrammatic  form,  and  the  appearances  there 
are  sufficiently  suggestive. 

There  is  no  longer  any  doubt  then  that  the  white  corpuscles  of  the 
blood  wander  out  of  the  vessels,  and  they  become  the  so-called  exuda- 
tion ceUs  of  recent  inflammations.  But,  besides  the  leucocytes,  the 
RED  CORPUSCLES  also  pass  out  of  the  vessels,  and  this  they  do  by  the 
FocessofDiAPEBESisof  which  we  have  already  seen  examples.  The 

through  the  vessels  to  a  larger  extent  than  the  red  ones,  but  there  are 
some  mflammations  in  which  these  red  corpuscles  also  ^  ass  through 
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large  numhers.  So  far  then  as  the  cells  which  appear  at  the  outset  of 
an  inflammation  are  concerned,  they  are  douhtless,  mainl}-,  if  not 
entirely,  l)loo(l  corpuscles. 


Fiu  •>2  -Inflamed  humau  omentum.    The  phenomena  of  inflammation  are 
seenin  tte  veins  and  capillaries,  the  condition  bei^ng  normal  a^^ 
whore  h  renresents  endothelium  covering  the  trabecula  («).    In  the  vein  UO  ^aei  e 
S  man^S  co^^uscles  along  the  wall    Some  of  these        -ni^vatmg  (e);  /, 
desquamated  endotheUum;  g,  extrava^ated  red  coi^uscles.  (Zieolek.) 

The  Serous  Exudation.— This  has  obviously  its  source  in  the 
blood  In  inflammation  there  is  a  greatly  increased  transudation  of  the 
fluid  of  the  blood  from  the  vessels,  and  this  passes  primarily  mto  the 
serous  spaces.  If  these  are,  naturally  or  by  reason  of  a  wind,  m  com- 
munication with  a  surface,  the  fluid  will  appear  on  the  surface.^  The 
INFLAMMATORY  OEDEMA  indicates  a  greatly  increased  circulation  m  the 
serous  spaces  and  lymphatics,  and  this  can  be  proved  by  actual  observa- 
tion If  the  leg  of  a  dog  be  irritated  Avith  croton  oil,  the  foot  swells 
greatly,  and  if  the  lymphatics  on  the  external  aspect  of  the  leg  be  then 
txposed  they  will  be  found  greatly  dilated ;  a  cannula  being  introduced 
the  lymphatic  fluid  will  flow  from  it,  drop  rapidly  ^ o  ^^^^^^^^ 
whereas  in  the  sound  leg  the  circulation  is  very  s^ow.  .1^  before  -Uing 
up  the  inflammation  a  cannula  be  introduced,  and  an  inflammation  set 
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up  by  placing  the  foot  in  hot  water,  then  it  Avill  be  seen  that  almost 
immediately  an  increase  in  the  flow  of  lymph  occurs,  while  the  oedema 
comes  on  later  and  is  not  followed  by  further  increase  in  the  flow.  The 
meaning  of  this  is  that  the  oedema  only  develops  when  the  increase  of 
transudation  is  too  great  for  the  lymphatics  to  dispose  of. 

But  not  only  is  the  transudation  increased,  it  is  altered  in  quality. 
We  have  seen  that  in  passive  hypersemia  the  transudation  is  a  watery 
fluid,  more  watery  than  the  normal  lymphatic  fluid.  In  inflammation 
it  is  a  concentrated  fluid,  containing  a  great  deal  more  albumen  and 
corpuscles,  and  on  being  shed,  or  even  in  the  cannula,  it  coagulates. 


Fig.  23.— Lung  alveolus  in  acute  pnevimonia. 
leucocytes  in  it,  fills  the  alveolus,    x  350. 


A  plug  of  fibrine,  with  a  few 


_  The  Fibrinous  Exudation.— It  is  a  familiar  fact  that  after  the  in- 
fliction of  a  wound  there  occurs  a  glazing  of  the  surface  within  a  few 
hours,  and  this  glazing  is  due  to  the  coating  of  the  surface  with  a  layer 
of  fibrine.    In  addition  to  this  there  is  discharged  from  the  surface  a 
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greater  or  smaller  quantity  of  serous  fluid.  This  deposition  of  fibrine 
on  the  surface  of  a  wound  may  be  taken  as  typical  of  the  fibrinous 
exudation,  ])ut  a  similar  deposition  of  fibrine  occurs  in  many  othei 
inflammations,  in  acute  inflammations  of  serous  membranes  as  in 
l)leurisy,  in  acute  inflammation  of  the  lungs,  etc.  The  fibrinous  exudu- 
tion  has  all  the  characters  of  fibrine  seen  in  a  blood  clot.  Figure  23, 
for  instance,  is  taken  from  the  hmg  in  acute  pneumonia,  and  it  is  seen 
that  a  lung  alveolus  is  filled  with  a  network  of  fine  fibres. 

The  fibrinous  exudation,  especially  the  yellow  layer  seen  on  serou- 
membranes,  is  often  called  lymph,  but  this  term  is  a  somewhat  confu^ 
ing  one.  It  has  its  origin  in  the  coagulable  lymph  of  John  Hunter  and 
has  very  interesting  historical  relations.  As  the  term  is  used,  however, 
to  designate  other  structures  besides  the  fibrinous  exudation,  and  as  it 
involves  a  theory  as  to  the  relations  of  the  exudation,  its  use  had  bettei 
be  avoided. 

The  fibrinous  exudation,  for  reasons  which  will  appear  afterwards, 
is  mostly  met  with  on  surfaces.  It  seldom  forms  in  the  serous  spaces 
of  the  tissues  unless  the  inflammation  has  been  severe  enough  to  kill 
the  tissue,  as  in  the  case  of  a  boil  or  carbuncle  where  the  slough  whicli 
forms  is  composed,  partly  of  dead  tissue  and  partly  of  fibrine  deposited 
in  the  meshes. 

Mode  of  Production  of  the  Inflammatory  Exudation.— A.-^ 
the  constituents  of  the  exudation  come  from  the  blood-vessels,  it  is 
natural  to  look  to  the  state  of  their  walls  in  order  to  account  for  the 
extraordinary  passage  of  the  constituents  of  the  blood  through  them. 

AYe  have  seen  reason  to  believe  that  the  acquired  adhesiveness  of  the 
WHITE  CORPUSCLES  in  the  veins  and  capillaries  is  due  to  a  change  in  the 
walls  of  these  vessels  in  the  direction  of  dead  matter.  In  the  normal 
vessels  the  white  corpuscles  roll  along  in  the  plasmatic  zone  or  in  the 
capillaries,  without  presenting  any  independent  movement,  whereas  out- 
side the  body  they  at  once  present  amoeboid  movement.  It  is  very 
possible  that  the  living  tissues  have  a  certain  power  of  restraining  this 
amoeboid  movement,  or  at  least  of  preventing  the  amoeboid  cells  pene- 
trating them.  If  a  piece  of  dead  tissue  containing  canals  and  ca^dties, 
such  as  the  cornea,  be  placed  in  the  peritoneal  cavity,  then  the 
leucocytes  in  the  cavity  penetrate  into  these  cavities.  In  the  state  of 
inflammation  the  capillaries  are  altered,  their  walls  have  undergone  a 
change  which  renders  them  more  permeable,  and  being  more  Kke  ordm- 
•Iry  matter  they  may  allow  a  freer  contractihty  of  the  corpuscles.  It 
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is  therefore  the  alteration  of  the  wall  of  the  vessel  which  is  the  i^rinciiDal 
agent.  It  has  been  supposed  that  an  increase  in  pressure  of  the 
blood  in  the  vessels  may  have  something  to  do  Math  the  emigration  of 
the  white  corpuscles.  But  we  must  be  certain  to  begin  with  that  there 
is  an  increase  of  pressure.  As  Cohnheim  has  pointed  out,  the  conditions 
here  are  not  such  as  to  cause  an  increase  of  jDressure.  There  is  no 
obstruction  in  the  veins,  in  fact  the  circulation  through  them  is 
unduly  abundant  as  has  already  been  seen,  and  any  stagnation  which 
exists  in  the  capillaries  has  its  origin  in  the  adhesiveness  of  the 
blood-corpuscles.  If  this  stagnation  in  the  capillaries  produces  any 
increase  of  pressure  it  will  do  so  not  in  the  veins,  where  it  will  rather 
diminish  pressure,  but  in  the  arteries.  Now  there  is  no  emigration 
from  the  arteries,  but  from  the  capillaries  and  veins  alone,  and  so  it  can 
hardly  depend  on  the  increase  of  pressure.  The  same  appKes  to  the 
diapedesis  of  the  red  corpuscles.  They  pass  through  the  vessels  not 
because  the  pressure  is  increased,  but  because  the  capillary  wall  is  so 
deteriorated  that  even  at  the  existing  pressure  they  are  pressed  through. 
We  have  already  seen  that  in  the  case  of  the  embolic  infarction  a 
diapedesis  occurs  under  conditions  in  which  the  pressure  is  presumably 
less  than  the  normal.  It  is  to  be  remarked  that  here  as  there  the 
diapedesis  of  red  corpuscles  occurs  in  the  capillaries  alone,  and  not  in 
the  arteries  and  veins. 

The  INCREASED    TRANSUDATION  OF  THE    BLOOD    PLASMA  is  to  be 

accounted  for  on  similar  principles.  Alteration  in  the  vessel  wall  is 
again  the  main  condition ;  and  seems  in  inflammation  to  be  much 
more  serious  than  in  passive  hypersemia,  as  a  much  greater  amount 
of  albumen  and  salts  pass  through. 

The  FORMATION  OF  FiBRiNE,  as  we  have  seen,  is  a  prominent 
occurrence  in  many  inflammations,  and  as  the  constituents  of  the  fibrine 
come  from  the  blood,  it  also  is  to  be  regarded  as  part  of  the  inflamma- 
tory exudation.  The  fibrinogen  is  contained  in  the  exuded  blood  plasma. 
The  white  blood  corpuscles  contain  the  paraglobulin  and  ferment,  but 
in  order  to  yield  these,  it  is  necessary,  as  we  have  already  seen  in 
studying  thrombosis,  that  they  should  disintegrate.  In  the  case  of 
thrombosis  an  alteration  of  the  wall  of  the  heart  or  blood-vessel  is 
necessary  in  order  to  the  disintegration  of  the  white  corpuscles.  In  the 
present  case  it  is  the  tissues  outside  the  vessels  that  are  concerned,  and 
these,  as  we  have  seen,  are  damaged  as  a  necessary  condition  of  the 
mtiammation. 

It  has  already  been  noted  that  fibrine  forms  usually  on  inflamed 
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surfaces,  and  rarely  in  the  substance  of  the  inflamed  tissues  unless 
necrosis  has  occurred.  This  may  be  set  alongside  the  fact  that  throm- 
bosis does  not  occur  in  the  capillaries  unless  they  have  undergone 
necrosis.  The  serous  spaces  in  the  tissues,  like  the  capillaries,  are  lined 
with  endothelium  ;  and  these  spaces,  being  small,  the  white  corpuscles 
will  hardly  be  sufficiently  removed  from  the  endothelium  to  allow  of 
coagulation,  so  that  this  will  not  occur  unless  the  endothelium  be  dead 
or  shed.  In  some  very  acute  inflammations  of  connective  tissues  (acute 
phlegmon)  there  is,  however,  not  uncommonly  a  fibrinous  exudation  in 
the  meshes  of  the  tissue,  forming  a  kind  of  fibrinous  oedema.  This  may 
be  seen  not  uncommonly  in  the  skin  in  erysipelas.  But  where  the 
exudation  occurs  on  a  surface  and  the  white  corpuscles  are  removed 
from  immediate  contact  with  the  endothelium,  then  many  of  them 
perish  and  coagulation  occurs. 

In  this  connection  it  may  be  remarked  that  the  epithelium,  like  the 
endothelium,  seems  to  have  the  power,  and  perhaps  to  a  greater  extent, 
of  preventing  the  disintegration  of  the  white  corpuscles  and  the  forma- 
tion of  fibrine.  As  a  rule,  a  fibrinous  exudation  does  not  form  on  a 
mucous  membrane,  and  when  it  does  form  it  may  be  taken  for  granted 
that  the  epithelium  has  died  or  been  shed. 

It  will  be  understood  that  the  inflammatory  exudation  presents 
VARIOUS  CHARACTERS,  under  different  circumstances,  even  apart  from 
the  question  of  coagulation.  In  some  cases  it  is  exceedingly  watery, 
partaking  chiefly  of  the  characters  of  an  ordinary  transudation.  This  will 
be  the  case  mainly  in  slight  inflammations,  and  in  those  occurring  in 
persons  whose  blood  is  watery.  For  instance,  the  inflammations  which 
so  frequently  occur  in  Bright's  disease  have  usually  a  watery  exudation. 
In  such  cases  the  exudation-cells  Avill  be  also  small  in  number. 

On  the  other  hand,  there  are  inflammations  in  which  the  exudation-cells 
are  exceedingly  abundant,  so  abundant  that  the  inflammation  rapidly  as- 
sumes a  suppurative  character.  This  is  peculiarly  the  case  with  septic  in- 
flammations. For  instance,  in  septic  inflammation  of  joints  such  as  occurs 
in  pyaemia  we  have  the  exudation  rapidly  becoming  purulent,  the  pus 
corpuscles  having  all  the  characters  of  the  ordinary  exudation-cells, 
and  being  doulatless  white  blood  corpuscles.  It  will  be  observed  that 
these  suppurative  inflammations  are  severe  in  character,  and  presumably 
imply  serious  alteration  of  the  vessel-walls,  such  as  to  allow  of  the  enor- 
mous emigration  of  the  white  corpuscles  which  is  here  presupposed. 

It  may  further  be  said  regarding  inflammatory  exudations  that  they 
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VARY  considerably  according  to  their  site  and  other  relations.  We 
have  already  said  that  a  serous  exudation  may  flow  from  a  surface,  may 
accumulate  in  a  cavity,  or  may  lie  in  the  serous  spaces,  causing  oedema. 
We  shall  afterwards  see  that  the  serous  fluid  may  be  taken  up  by  cells. 
Again,  the  exudation  MAY  be  mixed  with  the  secretion  of  a  mucous- 
membrane  or  gland.  In  the  former  case  the  exudation  will  have  more 
or  less  of  the  characters  of  the  mucous  secretion,  variously  modified 
according  to  the  amount  of  the  constituents  ;  thus  we  may  have  a 
mucous,  sero-mucous,  muco-purulent  exudation,  and  in  these  exudations 
■epithelium  cells,  ciliated  and  otherwise,  will  often  be  found.  In  the 
case  of  the  kidney,  the  exudation  is  to  be  found  mixed  with  the  urine, 
so  that  we  have  albuminuria. 

It  may  here  be  remarked  that  the  exudation  passes  in  the  direc- 
tion OF  LEAST  resistance,  and  will  be  found  to  accumulate  or  escape 
where  it  best  can ;  thus  in  the  kidneys  it  passes  largely  into  the  urini- 
ferous  tubules,  in  the  lungs  it  occupies  the  air-vesicles,  in  the  connective 
tissue  it  fills  the  serous  spaces,  producing  oedema.  In  some  cases  the 
cedema  manifests  itself  mainly  where  the  tissue  is  loosest ;  for  instance, 
in  inflammations  of  the  larynx,  oedema  occurs  mainly  at  the  base  of  the 
epiglottis  and  the  aryteno-epiglottidean  folds,  giving  rise  to  so-called 
cedema  glottidis. 

We  have  still  to  consider  how  inflammatory  exudations  are  dis- 
posed OF.  In  slight  cases  the  exudation  is  carried  off  by  the  lym- 
phatics, passing  by  that  route  back  into  the  circulation,  the  exudation-cells 
being  perhaps  partly  retained  by  the  lymphatic  glands.  In  more  severe 
-cases,  and  especially  when  the  exudation  is  retained  in  cavities,  its  dis- 
posal is  more  difficult.  The  serous  fluid  will  rapidly  be  absorbed,  but 
the  fibrine  and  the  exudation-cells  where  these  are  so  abundant  as 
to  constitute  a  purulent  inflammation,  or  are  entangled  in  the 
fibrine,  are  not  got  quit  of  so  easily.  Pus  corpuscles  readily  undergo 
fatty  degeneration,  and  we  shall  afterwards  see  that  structures  which 
have  undergone  this  change  by  and  by  disintegrate,  and  the  fat  is 
absorbed.  Sometimes,  however,  the  fat  is  too  abundant,  or  the  con- 
ditions are  not  suitable  to  absorption,  in  which  case  the  pus  may  dry  in 
to  a  cheesy  mass,  which  may  afterwards  be  impregnated  with  Hme-salts. 
Similarly  the  fibrine  may  disintegrate  and  be  absorbed,  or  dry  in  and 
become  calcareous. 
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III.  CHANGES  IN  THE  TISSUES  AND  THE  INFLAMMATORY  NEW- 

FOIIMATION. 

We  enter  here  on  a  somewhat  debatable  department,  especiall}' 
as  under  this  heading  will  be  included  the  subject  of  new-formation  in 
inflammation. 

It  is  undoubted  that  THE  tissues  in  inflammations  sometimes 
UNDERGO  retrograde  CHANGES.  The  inflammation,  if  very  severe, 
may  kill  the  tissue,  but  short  of  that  there  are  certain  inflammations 
which  are  characterized  by  the  occurrence  of  fatty  degeneration  in  the 
cells  constituting  the  tissues.  It  may  be  said  that  in  severe  inflammations, 
and  probably  at  the  outset  of  all  acute  inflammations,  the  tissues  take 
no  active  part  in  the  processes,  and  if  affected  in  their  structure 
at  all,  are  affected  for  the  worse.  We  have  already  seen  that  inflam- 
mations paralyse  the  tissues.  But  it  may  be  presumed  that  when  an 
inflammation  has  lasted  for  some  time  and  has  diminished  in  intensity, 
the  tissues  may  recover,  and  it  will  not  be  surprising  to  find  that  the}- 
undergo  changes  of  a  kind  different  from  the  retrograde  processes 
already  mentioned. 

This  leads  us  up  to  the  question  of  the  new-formation  of  tissue 
which  is  so  characteristic  of  many  inflammations.  It  may  here  be 
stated  that  two  views  are  held  as  to  the  origin  of  such  new-formations, 
the  one  being  that  the  formative  cells  are  the  white  blood  corpuscles, 
and  the  other  that  the  existing  tissues,  and  especially  the  connective 
tissues,  supply  the  formative  cells.  We  shall  first  mention  certain  facts 
connected  with  new-formation  and  afterwards  recur  to  this  disputed 
point  It  need  hardly  be  said  that  by  new-formation  is  meant  the  pro- 
duction of  a  properly  organized  tissue,  the  form  of  tissue  produced  bemg 
for  the  most  part  connective  tissue  containing  blood-vessels. 

A  granulating  wound,  with  the  resulting  cicatnx,  may  be 
taken  as  typical  of  the  inflammatory  new-formation,  and  by  considermg 
the  occurrences  which  present  themselves  there,  we  shall  become 
acquainted  with  certain  facts  connected  with  the  subject.  Granulation- 
tissue  is  already  an  imperfectly  organized  but  highly  vascular  tissue. 
In  the  accompanying  woodcut  (Fig.  24)  the  injected  blood-vessels  of  a 
granulating  wound  are  shown,  and  the  degree  of  vascularity  may  be 

'""^Tt  is  to  be  observed  in  the  first  place  that  in  order  to  the  production 
of  granulations,  the  INFLAMMATION  MUST  be  of  some  duration.    If  a 
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wound  close  -vnthin  the  first  few  days,  no  granulations  ai-e  formed. 
The  damage  done  by  the  knife  in  inflicting  the  wound  produces  an 
inflammatory  exudation  in  the  form  of  a  glaze  of  fibrine  and  a  serous 


Fig.  24.— Vessels  of  a  gi-amilatiiig  woimd  injected.  (Billroth.) 


discharge.  But  if  the  wound  be  protected  from  further  irritation  it 
^vi\l  not  produce  granulations  even  should  it  not  heal  by  the  first  inten- 
tion. Under  antiseptic  treatment,  if  the  wound  be  protected  from  car- 
boUc  acid  vapour  and  other  sources  of  irritation,  granulations  do  not 
form.  Even  in  the  case  of  a  septic  wound,  after  the  preliminary  glazing 
of  the  surface,  there  is  what  surgeons  call  "  a  pause "  of  two  or  three 
days  before  the  granulations  appear.  There  is  in  this  case  a  pro- 
longation of  the  inflammation  for  several  days  before  the  occurrence 
of  new-formation.  But,  on  the  other  hand,  the  inflammation  must  not 
be  too  severe,  else  the  new-formation  will  not  occur.  Inflammations 
which  rapidly  pass  on  to  suppuration  are  not  accompanied  by  new-for- 
mation. Again,  in  order  to  new-formation  an  abundant  supply 
of  blood  is  necessary,  and  in  this  connection  it  may  be  mentioned  that 
the  new-formation  of  blood-vessels  is  one  of  the  most  marked,  as  it  is 
frequently  the  earliest  visible  manifestation  of  this  process. 

A  granulating  wound  appears  at  first  sight  to  be  composed  simply  of 
round  cells  of  nearly  uniform  size.  But  on  more  careful  examination  it 
is  seen  that,  putting  out  of  view  the  blood-vessels  in  the  meantime  it 
consists  of  TWO  KINDS  OF  CELLS  (see  Fig.  25).  The  one  kind  has  the 
size  and  general  appearance  of  the  white  blood  corpuscle,  and  gives  with 
acetic  acid  a  similar  reaction  (a  and  a^).  The  others  (b,  b)  are  about 
twice  as  large  as  these,  and  as  they  present  a  distinct  outline  and  possess 
an  oval  nucleus,  they  have  a  considerable  resemblance  to  epithelial  cells, 
and  are  hence  sometimes  called  epithelioid  cells.  These  cells  may  possess 
two  nuclei  (c).  Sometimes  there  are  still  larger  cells  with  multiple 
nuclei  (ci),  the  so-called  giant  cells,  but  these  are  not  unifomily  present, 
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and  may  bo  left  out  of  sight  in  the  further  consideration  of  the  subject. 
In  the  new-formation  of  the  tissue  these  epithehoid  cells  are  mainly 
concerned,  in  so  much  that  Ziegler,  whose  observations  are  here  of  very 
great  value,  has  designated  them  formative  cells.   This  author  studied 


Pig.  25.— Granulation  ceUs.  a  and  a,  leucocytes;  b,  b,  various  foi-mative  ceUs;  c,  for- 
mative cell  with  two  nuclei;  c„  with  many  nuclei;  d,  d,  d,  Formative  cells  developing 
connective  tissue;  c,  complete  connective  tissue.  X  500,  Picrocarmme  preparation. 
(Ziegler.) 

the  new-formation  of  tissue  by  introducing  under  the  skin  or  periosteum, 
or  into  the  peritoneum  of  animals,  two  pieces  of  glass  cemented  together 
in  such  a  way  that  there  was  free  access  between  them,  while^  the 
distance  apart  was  no  more  than  a  fraction  of  a  line.  One  of  the  pieces 
of  glass  was  a  microscopic  cover  glass,  so  that  anything  between  the 
glasses  could  be  studied  under  the  microscope  afterwards.  These  foreign 
bodies  set  up  inflammation,  and  through  time  vascular  connective  tissue 
formed  around  them,  and  penetrated  between  the  plates  of  glass.  In 
these  ingenious  experiments  the  formative  cells  did  not  appear  till  about 
the  fifth  day  after  the  occurrence  of  the  inflammation.  These  cells  are, 
like  pus  corpuscles,  contractile,  but  they  are  much  less  active,  and  we 
shall  see  immediately  that  they  subsequently  assume  the  characters  of 

fixed  cells.  j       i  4. 

By  and  by  these  formative  epithelioid  cells  elongate,  and  send  out 
processes  {b,  b),  becoming  stellate  or  spindle-shaped.  After  a  time  the 
processes  grow  out  and  become,  with  a  certain  part  of  the  substance  of 
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the  cell,  converted  into  fine  fibres  {d).  In  this  way  it  appears  the  fil)res 
of  the  new-formed  connective  tissue  are  formed,  the  rest  of  the  proto- 
plasm of  the  cell  remaining  as  the  spindle-shaped,  fixed,  connective 
tissue  cell  (e).  The  fibrillse,  developed  out  of  neighbouring  cells,  com- 
municate, and  thus  is  formed  the  complete  fibrillated  connective  tissue. 

This  new-formation  of  connective  tissue  is  necessarily  connected  with 
NEW-FORMATION  OF  BLOOD-VESSELS  (see  Fig.  26).    If  epithelioid  cells  are 


Fig.  2(j.— New-formation  of  blood-vessels  in  a  granulating  wonnd.    (After  Arnold.)' 

formed  in  advance  of  the  blood-vessels,  they  do  not  proceed  to  the  forma- 
tion of  tissue,  but  undergo  fatty  degeneration.  The  formation  of  the  blood- 
vessels always  occurs  in  connection  with  the  pre-existing  vessels,  usually 
the  capillaries,  and  by  a  process  of  budding  apparently.  An  elongated 
process  extends  out  from  the  wall  of  the  capillary.  It  meets  another 
process,  and  so  is  converted  into  an  arch.  The  arch  and  buds  increase 
in  thickness,  and,  by  and  by,  a  tunnelling  of  them  begins,  and  they  are 
by  degrees  converted  into  vessels,  the  blood  passing  into  them.  It  has 
been  stated  by  some  that  in  the  formation  of  the  blood-vessels  from  the 
buds  and  arches,  the  tunnelling  takes  place  partly  by  a  conversion  of 
the  substance  of  the  solid  arch  or  bud  into  red  blood  corpuscles,  in  a 
manner  similar  to  what  occurs  in  the  original  formation  of  blood-vessels 
in  the  embryo.  But  this  seems  to  be  doubtful,  and  the  probability  is 
that  no  such  new-formation  of  blood  corpuscles  takes  place.  The  vessels 
formed  are  at  first  mere  tubes,  and  the  demarcation  of  endothelial  plates 
seems  to  be  of  subsequent  occurrence.  The  new-formed  vessels  are  then 
regular  capillaries,  and  by  subsequent  changes  they  may  increase  in  size 
and  thickness,  and  take  on  the  characters  of  arteries  and  veins.  It  is 
marvellous  how  rapidly  such  new-formation  of  vessels  occurs  not  merely 
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in  inflammations,  hut  also  in  the  formation  of  tumours,  and  we  may 
regard  this  as  consistent  with  the  wonderful  adaptability  which  we  have 
already  seen  the  vascular  system  to  show  to  the  needs  of  the  system. 

In  the  formation  of  the  permanent  tissue,  we  have  referred  to  the 
important  part  played  by  the  epithelioid  cells,  but  we  have  not  made 
any  reference  to  the  origin  of  these  formative  cells.  Their  origin 
is  a  matter  of  dispute.  Ziegler  asserts  that  they  arise  by  the  conjunction 
or  coalescence  of  the  exudation  cells,  or  leucocytes  from  the  blood,  while 
others  assert  that  these  cells  which  have  to  do  with  the  actual  building 
up  of  tissue  have  their  origin  in  the  fixed  cells  of  the  tissues.  Many 
facts  may  be  adduced  in  favour  of  this  latter  view. 

We  have  already  seen  reason  to  believe  that  in  the  early  stages  of 
inflammation  the  constituents  of  the  tissues  are  mostly  passive,  and,  if 
they  undergo  any  change,  it  is  in  the  direction  of  degeneration.  But 
when  the  tissues  have  had  time  to  recover,  it  is  not  inconceivable 
that,  being  by  the  exuded  fluid  supplied  with  additional  pabulum,  they 
should  undergo  nutritive  changes.  Even  in  some  forms  of  acute  in- 
flammation the  exuded  fluid  finds  its  way  into  the  cells.  In  paren- 
chymatous inflammation  of  the  kidneys  the  renal  epithelium  enlarges 
and  becomes  cloudy,  often  imdergoing  degeneration  subsequently.  But 
if  the  inflammation  subside  to  some  extent,  the  epithehum  cells  may  be 
found  with  double  nuclei  and  shelving  other  signs  of  germination. 
From  the  researches  of  Klein  and  others  it  is  rendered  evident  that  in 
certain  inflammations  of  the  peritoneum  the  endothehum  shows  active 
germination,  and  as  a  result  of  such  active  processes  these  cells  may 
produce  amoeboid  leucocytes  which  are  not  to  be  distinguished  from 
white  blood  corpuscles.  It  is  even  doubtful  whether  in  the  normal 
condition  the  endothelium  does  not  take  part  in  the  foraiation  of  the 
white  corpuscles. 

Looking  to  the  fact  that  the  connective  tissue  throughout  the  body 
is  so  intimately  related  to  the  lymphatic  system  we  may  possibly  find 
here  a  means  of  reconciling  divergent  views.  The  endothelium  cell  and 
the  connective-tissue  corpuscle  may  be  regarded  as  essentially  similar 
structures.  We  have  reason  to  regard  the  serous  cavities  as  virtually 
the  same  as  the  serous  spaces  in  the  connective  tissue.  The  endothelium 
of  the  peritoneum  is  normally  beset  mth  frequent  aggregates  of  round 
cells  which  may  be  regarded  as  lymphatic  follicles,  and  similar  aggre- 
<rates  are  frequent  in  the  connective  tissues,  for  instance,  in  that  of  the 
funo-  as  has  been  pointed  out  by  Burdon  Sanderson  and  recently  con- 
firmed by  Arnold  (Virchow's  Archiv,  vol.  80).     In  view  of  all  these 
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facts  we  may,  perhaps,  regard  the  connective  tissue  and  the  lymphatic 
system  as  a  single  system,  and  the  lymphatic  glands  as  simply  larger 
developments  corresponding  with  the  smaller  cellular  aggregates  which 
we  meet  with  throughout  the  connective  tissue.  In  this  view  the 
white  blood  corjDuscles  themselves  would  be  connective  tissue  structures, 
and  have  their  seat  of  origin  not  only  in  the  lymphatic  glands,  spleen, 
and  bone  marrow,  but  in  all  parts  of  the  connective  tissue. 

At  least  we  may  say  that  in  inflammations,  when  they  have  become 
chronic  or  sub-acute,  the  connective  tissue  or  endothelium  produces 
amoeboid  cells  which  are  not  distinguishable  from  white  blood  corpuscles. 
The  epithelioid  cells  which  are  the  immediate  formative  agents  may 
take  origin  from  the  fixed  connective  tissue  cells  or  from  the  amoeboid 
ones,  and  there  is  nothing  inconsistent  in  the  view  that  they  may  also 
take  origin  in  white  blood  coi-puscles. 

To  return  now  to  the  case  of  the  granulating  wound,  we  may  find  in 
a  section  of  it  appearances  confirmatory  of  what  has  been  said  above 
(see  Fig.  27).    In  its  superficial  layers  it  is 
composed  of  round  cells  many  of  which  have 
the  size  and  appearance  of  leucocytes,  while 
others  have  the  characters  of  epithelioid  cells. 

The  leucocytes  are  probably  in  great  part 

white  corpuscles  in  process  of  migration,  but 

they  may  also  be  to  some  extent  derived  from 

the  fixed  connective  tissue  of  the  part.  Some 

of  them  pass  to  the  surface  and  appear  in  the 

discharge  as  pus  corpuscles.    Others,  however, 

will  pass  into  the  Ijonph  spaces  or  even  into 

the  capillary  vessels,  and  in  either  case  resume 

their  position  as  white  blood  corpuscles.  As 

we  pass  deeper  in  the  granulating  wound  there 

are  evidences  of  the  changes  in  the  epithelioid 

cells  described  above.    We  find  parts  where 

large  spindle  cells  are  abundant,  forming 

sometimes  an  actual  spindle-cell  tissue.  Still 

deeper,  and  at  the  base  of  the  wound,  we  find  new-formed  connective 
tissue. 

Towards  its  base  the  granulating  wound  shows  a  striking  tendency 
to  contract,  and  we  may  account  for  this  in  two  ways  chiefly.  The 
leucocytes  to  a  large  extent,  disappear  when  we  pass  a  short  distance 
beneath  the  surface  ;  and  at  the.  same  time  the  epithehoid  cells,  by  be- 
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coming  spindle-shaped  and  arranging  themselves  in  parallel  l)undleSy 
occupy  less  space  than  before.  The  new-formed  connective  tissue  alsa 
shows  a  remarkable  tendency  to  draw  together,  Ijecoming  more  compact 
and  drier.  This  shrinking  of  the  connective  tissue  continues  long  after 
the  wound  has  healed,  the  cicatrix  tending  to  become  smaller  and  harder. 
By  the  contraction  at  the  base  of  the  wound  its  area  is  diminished 
as  a  whole.  The  blood-vessels  also  which  form  loops  passing  to  the 
surface  are  partially  constricted,  and  so  the  superficial  granulations  are 
less  supplied  with  blood.  We  may  suppose  that  another  consequence 
of  this  will  be  a  less  considerable  emigration  of  the  white  corpuscles 
from  the  vessels. 

We  have  still  to  consider  how  the  granulating  wound  becomes 
COVERED  WITH  EPITHELIUM.  This  process  is  one  which  it  is  rather 
difficult  to  observe,  apparently  because  the  new-formed  epithelium  is 
very  delicate  and  transparent.  The  new  epithehum  always  arises  from 
that  already  existing.  The  epithehal  cells  at  the  margin  of  the  wound 
enlarge  and  divide,  and  so  provide  fresh  cells  which  gradually  cover  the 
surface  and  assume  the  place  and  character  of  the  usual  flat  epithelium. 
It  is  said  that  the  young  epithelium  sometimes  shows  even  a  slight 
amoeboid  movement.  The  formation  of  epithelium  sometimes  begins 
in  the  midst  of  the  wound,  but  this  only  happens  when  some  epithelial 
structures,  such  as  hair  follicles  or  sebaceous  glands,  have  escaped 
destruction  when  the  wound  was  made.  It  is  known  also  that  hAdng 
epithehum  may  be  transplanted  from  one  part  of  the  body  to  another 
or  even  from  a  different  person,  men  grafting  is  performed  in  this 
way  the  epithelium  germinates  Hke  that  at  the  margin  and  covers  the 
neighbouring  granulations. 

The  PROCESSES  which  we  have  sketched  as  occurring  in  the  granu- 
lating wound  are  repeated  with  sHght  modifications  in  all  other 
INFLAMMATORY  NEW-FORMATIONS.  For  new-fomiation  to  occur  the 
inflammation  must  be  prolonged  for  some  time,  and  it  must  not  be  too 
severe.  These  are  the  characters  of  chronic  inflammations,  and  it  is  m 
connection  with  them  especially  that  we  have  new-formation  occurring. 
In  these  chronic  inflammations  we  have  a  tissue  comparable  to  granula- 
tinc^  tissue,  consisting  essentially  of  round  cells,  but  in  which  when  the 
pro^'cess  is  active  epithelioid  cells  may  be  distinguished.  The  round  cells 
have  the  characters  of  leucocytes,  and  in  some  cases  they  pa^s  outwards 
from  the  tissues  and  form  pus.  In  most  cases,  however,  they  pass  mto 
the  lymphatics  and  disappear. 
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If  two  sui-faces  in  the  condition  of  granulation  come  in  contact  they 
coalesce,  and  their  vessels  communicate  so  that  they  form  a  common 
layer.  In  that  case  when  the  inflammatory  tissue  develops  into  con- 
nective tissue  the  surfaces  will  be  united  by  a  permanent  vascular 
connective  tissue.  In  this  way  the  flaps  of  a  stump  unite  after  granu- 
lating, and  thus  also  permanent  adhesion  of  the  pleura  and  of  the 
pericardium  is  often  brought  about. 

It  should  be  noticed  that  the  inflammatory  new-formation  does  not 
always  develop  into  connective  tissue,  but  that  it  may  produce  other 
FORMS  OE  THE  CONNECTIVE-TISSUE  SERIES,  AS  BONE  AND  CARTILAGE. 
A  chronic  inflammation  of  the  periosteum  results  in  considerable  new- 
formation  of  bone,  in  which  the  formative  cells  take  part.  The  forma- 
tion of  callus  round  a  broken  bone  is  an  instance  of  this.  Then 
cartilage  is  sometimes  formed  in  connection  with  inflammations,  though 
much  less  frequently.  The  callus  formed  after  fractures  in  the  lower 
animals  has  often  cartilage  in  it,  and  it  may  be  so  also  in  man. 

Of  considerable  importance  is  the  new-formation  of  tissue  around 
FOREIGN  BODIES.  If  a  foreign  body  be  introduced  among  the  living 
tissues,  if  not  very  virulent  in  its  OAvn  nature,  it  sets  up  a  mild  chronic 
inflammation,  with  the  result  of  producing  a  vascular  rudimentary 
tissue  hke  granulations.  If  the  foreign  body  be  permeable  by  this 
tissue  then  the  granulations  will  grow  into  it  and,  as  it  were,  devour  it, 
replacing  it  first  by  their  own  rudimentary  tissue,  which  afterwards  gives 
place  to  connective  tissue.  As  this  connective  tissue  is  comparatively 
sma  1  m  bulk,  and  tends  to  contract  more  and  more,  the  result  of  the 
whole  process  is  an  absorption  of  the  foreign  substance  and  the  gradual 
disappearance  of  all  trace  both  of  it  and  of  the  tissue  which  has  replaced 
Inlf     1  "''^  permeable,  then  the  inflammation 

Z  TlV  .  ^  ^^y^^  of  connective  tissue  around  it,  and 

so  the  body  becomes  encapsuled. 

be  fZll'^'T""  '  ^'^^  tissue 

harden  d''     T    "  ^  ^'"'^      ^^^^  previously 

u^ed  to  L't  rt  ^  P^^^^       P-P-'d  catgut 

used  to  ligature  a  vessel,  then  the  dead  tissue  is  first  replied  by  rudi- 

ment  bv  r„     '  T  ^^^'^--^^on  is  kept  off,  then  its  replace- 

rones  it  of     ?  ^^^°^P^^°^  I-  f-ctui  es  of 

a  pTece  of  bo.  ^^^'T       '  '^'^^^^^  ^^P^^^^^^       ^i^-  Such 

piece  of  bone  may  he  exposed  in  the  wound  in  a  compound  fracture 
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and  it  has  frequently  heen  seen  how  it  has  been  eaten  into  by  the 
granulations  and  absorbed  by  them. 

This  tendency  has  been  recently  taken  advantage  of  in  a  very 
ingenious  manner  by  Hamilton  of  Aberdeen  in  the  treatment  of  wounds. 
He  finds  that  a  piece  of  sponge  decalcified  and  placed  on  a  granulating 
wound,  becomes  filled  with  granulations  and  replaced  by  them.  By 
this  means  it  is  possible  to  encourage  the  growth  of  granulations  and 
get  them  to  fill  spaces,  etc.  This  process  has  been  named  sponge- 
grafting. 

The  encapsuling  of  foreign  bodies  is  frequently  seen.  A  parasite 
such  as  the  trichina  or  echinococcus  obtains  a  connective  tissue 
capsule.  Dead  material  in  the  body  which  is  not  permeable  by  the 
granulations  is  similarly  treated,  such  as  dried-in  inflammatory  products, 
which  have  formed  first  a  caseous  and  then  a  calcareous  mass.  We 
frequently  find  such  calcareous  material  surrounded  by  a  fibrous  capsule 
in  the  lungs  and  elsewhere. 

IV. — individual  forms  of  inflammation. 

We  have  already  seen  that  all  the  phenomena  of  inflammation  which 
we  have  been  studying  are  not  always  present  in  the  same  case,  and 
that  they  exist  in  varying  proportions  in  different  cases.  The  varia- 
tions in  this  regard  have  been  already  to  some  extent  indicated,  but  it 
may  be  well  briefly  to  refer  to  some  of  them  here. 

In  almost  all  cases  of  inflammation  hyperemia  occurs,  even  in  the 
more  chronic.  Some  slight  inflammations  of  an  acute  character  show 
little  beyond  hyperemia.  The  redness  of  the  skin  produced  by  ex- 
posure to  the  sun  in  a  single  day  in  summer  is  an  instance  of  this. 
Doubtless  there  is  along  with  the  hyperjemia  increased  transudation 
through  the  vessels,  and  the  subsequent  desquamation  of  the  epidermis 
shows  that  it  has  been  damaged  and  in  fact  partly  killed.  It  is  similar 
with  the  cutaneous  rashes  in  scarlet  fever  and  measles. 

There  is  probably  more  or  less  EXUDATION  in  all  inflammations. 
The  fluid  constituents  of  the  blood  permeate  the  tissues  and  we  fre- 
quently find  them  oedematous,  and  leucocytes  are  to  be  found  m  the 
tissues  frequently  in  great  abundance.  In  the  examination  of  the 
tissues  after  death  the  presence  of  round  cells  is  the  most  unequivocal 
sign  of  inflammation.  These  cells  are  foimd  permeating  the  tissues 
<renerally  in  acute  inflammations,  but  they  are  usually  more  locahzed  m 
the  chronic  forms,  and  in  that  case  they  are  associated  with  the  new - 
formation  of  tissue.    In  very  acute  inflammations  they  may  be  produce.l 
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in  such  abundance  as  to  break  \ip  the  tissue  and  come  together  to  form 
an  ABSCESS.  In  the  formation  of  an  aliscess  there  is  nearly  always 
some  destruction  of  tissue,  not  necessarily  the  death  of  considerable 
pieces  of  tissue  so  as  to  form  sloughs,  but  the  molecular  disintegration 
of  the  tissue  which  breaks  down  before  the  crowding  leucocytes.  These 
two  circumstances,  namely  the  great  exudation  of  leucocytes  and  the 
necrosis  of  the  tissue,  imply  that  the  irritant  is  a  very  severe  one.  In  a 
large  proportion  of.  cases  the  irritant  is  of  a  septic  nature,  and  we  know 
that  abscesses  most  frequentl}^  form  in  connection  with  septic  wounds, 
etc.  It  may  be  said  then  that  where  we  find  leucocytes  in  abnormal 
numbers  in  a  part  we  conclude  that  inflammation  has  been  present, 
and  if  they  be  in  very  extraordinary  numbers  we  infer  that  the  inflam- 
mation has  been  very  acute. 

There  are  some  cases  which  warrant  the  application  of  the  term  INFEC- 
TIVE INFLAMMATION.  This  term  infective  is  to  be  carefully  distinguished 
from  infectious,  which  involves  the  idea  of  a  disease  communicable  from 
one  jjerson  to  another.  By  infective  is  meant  a  morbid  condition  which 
has  a  tendency  to  spread  from  its  original  seat  to  parts  around  or  at  a 
distance.  An  inflammation  is  infective  when  it  is  what  is  called 
"  spreading,"  and  it  is  to  be  inferred  that  in  these  cases  the  products  of  in- 
flammation contain  some  irritating  or  phlogogenic  material.  The  pro- 
ducts of  ordinary  inflammations  are  not  infective,  and  inflammations  are 
not  naturally  "spreading."  When  an  inflammation  has  the  infective 
characters  there  are  always  bacteria  present  in  its  products,  and  we 
may  presume  that  these  are  related  to  this  peculiarity. 

The  term  phlegmonous  inflammation  is  used  to  designate  an  acute 
inflammation  of  the  connective  tissue  of  the  body,  usually  that  beneath 
the  skin.  The  inflammation  is  nearly  always  due  to  some  specific 
infective  material,  as  in  erysipelas.  There  is  rapid  development  of 
redness  and  oedematous  swelling  of  the  tissue,  generally  going  on  to 
suppuration,  and  frequently  with  some  necrosis,  evidenced  by  the  forma- 
tion of  sloughs. 

Sometimes  an  inflammation  of  a  surface  is  associated  with  proa-res- 
sive  destruction  of  tissue  called  ulceration.  This  means  that  the 
vitality  of  the  tissue  is  being  gradually  destroyed  and  the  structure 
breaking  down,  the  process  being  well  expressed  by  the  designation 
molecular  necrosis.  Now,  in  order  to  this  the  presence  of  some  very 
virulent  irritant  is  necessary.  Probably  it  does  not  occur  except  under 
the  action  of  very  specific  forms  of  irritation,  such  as  we  shall  haxe  an 
opportunity  of  studying  afterwards.    Sometimes  the  ulceration  pi'o- 
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gresses  very  rapidly,  so  that  considerable  sloughing  may  combine  with 
tlie  molecular  necrosis.  Ulcers  of  this  kind  are  sometimes  called 
PHAGED.'ENic.  The  irritation  may  be  so  intense  and  the  necrosis  so 
rapid  that  there  is  no  time  for  much  exudation  of  leucocytes.  As 
a  rule,  however,  profuse  suppuration  exists  along  with  ulceration,  the 
intense  irritation  inducing  a  very  abundant  emigration  of  leucocytes. 

Again,  an  acute  inflammation  sometimes  produces  degeneration 
of  tissues  in  a  more  pronounced  manner  than  usual.  This  applies 
especially  to  cases  in  which  the  parenchyma  of  organs  is  engaged,  as 
in  inflammations  of  the  kidney  where  the  renal  epithelium  is  specially- 
involved.  We  have  already  seen  that  the  inflammation  produces 
cloudy  swelling  in  this  case,  and  this  readily  goes  on  to  fatty  degene- 
ration. Fatty  degeneration  is  also  manifested  in  inflammations  of  the 
brain,  where  it  is  sometimes  almost  the  only  evidence  post  mortem 
of  the  existence  of  inflammation. 

We  have  already  adduced  a  sufficient  number  of  instances  of  new- 
formation  in  inflammation.  It  is  to  be  remembered  that  all  such  new- 
formations  have  a  striking  tendency  to  contract  and  form  a  very  dense 
connective  tissue.  When  chronic  inflammation  exists  in  an  organ  such 
as  the  liver  or  kidney,  this  contraction  frequently  gives  rise  to  consider- 
able contortion  of  the  normal  tissue,  which  is  often  the  seat  of  degener- 
ation. The  tissue,  by  the  presence  of  the  new-formed  connective  tissue, 
is  pressed  on,  and,  after  degeneration,  is  absorbed.  In  this  connection, 
we  may  speak  of  indurative  inflammations,  the  structures  bemg 
rendered  hard  by  the  dense  contracting  connective  tissue. 


EETROGRADE  METAMORPHOSIS. 


TTNDER  this  designation  are  included  a  number  of  conditions,  all  of 
^  which  imply  a  degradation  of  the  nutritive  processes  in  the  tissues. 
As  the  cells  are  concerned  in  the  nutrition  of  the  tissues,  it  is  for  the 
most  part  these  which  are  at  fault,  although  it  may  be  that  in  some 
cases  the  most  manifest  visible  changes  are  not  in  them.  The  most  ex- 
treme case  is,  of  course,  where  the  nutrition  ceases  altogether,  and  the 
structure  dies.  Short  of  that,  we  have  various  forms  of  change  manifest- 
ing themselves.  Thus  there  is  a  simple  diminution  of  the  vitality,  and 
the  structures  dwindle.  Again,  the  chemical  constituents  of  the  struc- 
tures change,  splitting  up,  it  may  be,  into  more  elementary  principles. 
Or  the  tissues  are  imable  to  prevent  the  deposition  in  them  of  extrane- 
ous material,  which  is  thus  infiltrated  into  them.  These  last  are  called 
infiltrations,  whereas  the  conditions  in  which  there  is  a  degradation  of  the 
normal  constituents  into  lower  chemical  substances  are  designated 
degenerations. 
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Under  the  designation  necrosis  are  included  conditions  in  which 
the  vitality  of  portions  of  the  tissues  entirely  ceases ;  there  is  a  local 
death.  We  have  here  to  consider  the  conditions  under  which  necrosis 
occurs,  the  appearances  of  and  changes  in  the  dead  portions  of  tissue, 
and  the  effects  on  neighbouring  parts  and  on  the  organism  as  a  whole 

Causes  of  Necrosis.— The  vitality  of  a  part  wiU  be  lost  (1)  if  it  be 
depnved  of  its  supply  of  nutriment  by  interference  with  the  circulation, 
or  (2)  if  by  some  deleterious  agent,  or  otherwise,  the  constituent  ele- 
ments, the  cells,  are  so  interfered  with  that  they  cannot  carry  on  the 
Vital  processes.    It  is  obvious  that  under  varying  circumstances  the 
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tissues  will  have  different  powers  of  resistance,  and  that  the  tissues 
<  litter  among  themselves  in  this  respect.  The  tissues  of  an  old  person 
will  he  less  al)le  to  survive  the  attacks  of  certain  agents  than  those 
uf  a  young  person,  and  any  preceding  degradation  of  a  tissue,  from 
whatever  cause,  will  render  it  more  susceptihle  to  necrosis. 

Interference  with  the  circulation  causes  necrosis,  and  here 
it  is  the  capillary  circulation  we  have  to  do  with.  If  a  tissue  be 
of  normal  vigour,  there  must  be  complete  stasis  in  the  capillaries  l^efore 
necrosis  occurs ;  any  survival  of  the  circulation  in  these  vessels,  how- 
ever small,  is  sufficient  to  enable  the  capillaries  and  surrounding  tissues 
to  live  on.  AVe  have  already  seen  that  obstruction  of  an  end-artery, 
by  embohsm  or  othermse,  leads  to  this  stasis  in  the  capillaries  and 
resulting  necrosis  of  the  tissues.  A  complete  obstruction  of  the  veins 
will  have  the  same  effect,  but  they  anastomose  so  completely  that  this 
can  occur  Init  rarely.  It  does  occur  approximately  when  a  piece  of 
intestine  is  incarcerated  in  a  sac  with  a  narrow  neck,  and  we  know  that 
under  these  circumstances  gangrene  is  very  liable  to  occur.  Even  ex- 
tensive thrombosis,  especially  when  other  conditions  such  as  weakness 
of  the  heart  conspire,  may  lead  to  gangrene,  as  in  fevers. 

The  obstruction  of  the  C!APILLARIES  may  be  directly  produced.  If  a 
cavity  approaches  the  surface  of  a  lung,  it  may  undermine  the  pleura, 
and,  by  obstructing  the  capillaries,  ckuse  a  slough  to  form.  \ery 
often  adhesion  of  the  two  layers  of  the  pleura  occurs,  and  vessels  pass 
from  the  parietal  to  the  pulmonary  layer  and  nourish  it;  but  where  such 
adhesion  does  not  take  place  there  is  frequently  sloughing,  and  pneumo- 
thorax may  result  from  the  partial  separation  of  the  slough.  Simdarly, 
an  ulcer  of  the  intestine  may  undermine  the  peritoneal  coat,  and  so 
cause  sloughing  and  perforation.  r        •  i. 

Less  directly,  weakness  of  the  heart  may  so  far  mtertere  wth 
the  circulation  in  the  capillaries,  especially  of  distant  and  dependent 
parts,  as  to  contribute  to  necrosis.  It  is  obvious  that  this  cause  alone 
can  never  produce  necrosis,  but  we  shall  see  afterwards  that  it  is  a 
Dowerful  predisposing  cause. 

Turning  next  to  cases  where  the  necrosis  is  due  to  a  direct  action 
on  the  tissues,  it  may  be  said  that  the  vitality  of  the  cells  of  a  tissue 
may  be  compromised  by  chemical  agents  acting  on  them,  direct  trau- 
matic agents,  or  by  excessively  high  or  low  temperature  The  chemic  a 
produc;ts  of  putrid  decomposition  are  often  pecuharly  virulent.  ^^  e 
have  already  seen  that  they  frequently  cause  the  most  intense  mflam- 
mation  and  the  inflamtnation  is  commonly  accompamed  by  necrosis,  in 
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fact,  the  infective  inflammations,  such  as  those  of  pyaemia,  are,  for  the 
most  part,  necrotic.  M'Tien,  in  pyaemia,  ulcerative  endocarditis,  etc., 
bacteria  exist  alive  in  the  body,  and  form  colonies  in  places  to  which 
they  are  carried,  they  produce  necrosis  of  the  immediately  surrounding 
tissues,  not  probably  by  their  direct  action,  but  by  that  of  their  products. 
We  know  also  that  decomposing  urine  in  the  tissues  produces  the  most 
intense  inflammation,  generally  along  with  extensive  sloughing.  It  is 
obvious  that  direct  traumatic  injuries  may  destroy  the  vitality  of  the 
tissues,  either  directly  or  else  by  interfering  with  the  supply  of  blood. 
In  cases  of  traumatic  necrosis  it  is  probable  that,  besides  killing  the 
tissues,  the  agent  will  so  far  interfere  with  surrounding  parts  as  to 
induce  inflammation.  In  fact,  it  can  hardly  fail  to  be  seen  that  there  is 
commonly  a  close  connection  between  the  causes  of  necrosis  and  those 
of  inflammation.  Excessive  heat  or  cold  is  a  cause  of  necrosis,  the 
vitahty  of  the  cells  being  destroyed  by  excessively  low  or  high  tempera- 
tures. A  very  short  immersion  of  a  living  part  in  water  heated  to  1 30° 
to  136°  F.,  or  in  a  freezing  mixture  reduced  to  4°  to  0°  F.,  sufiices  to 
kill  it.  If  the  temperature  be  slightly  less  extreme,  a  short  immersion 
produces  a  violent  inflammation,  and  a  long  immersion  may  still  result 
in  necrosis. 

There  are  certain  forms  of  necrosis  still  to  be  considered  that  depend 
on  causes  which  cannot  be  absolutely  brought  under  one  or  other  of  the 
categories  already  mentioned.  One  of  the  most  interesting  of  these  is 
SENILE  gangrene.  It  is  known  that  in  certain  cases  a  slight  injury  to 
the  toe,  such  as  cutting  a  nail  too  deeply  or  tearing  off  of  a  rag- 
nail,  may  lead  to  a  necrosis  which  spreads  from  the  seat  of  origin  to  the 
foot,  or  even  to  the  lower  part  of  the  leg.  Such  a  trivial  injury  in  a 
healthy  person  would  lead  at  most  to  a  trifling  inflammation,  but  in 
these  old  persons  gangrene  is  the  result.  The  explanation  is  that,  to 
begin  with,  the  circulation  is  so  seriously  interfered  with  that  the 
tissues  are  already,  as  it  were,  half  dead,  and  a  very  slight  cause  sufiices 
to  suspend  their  vitality  altogether.  In  addition  to  weakness  of  the 
heart,  there  is  in  these  cases  always  atheroma  of  the  arteries,  and  some- 
times even  thrombosis  on  the  atheromatous  patches.  To  this  must  be 
added  the  weakness  of  the  tissues  which  may  be  presumed  to  exist  in 
old  age. 

Of  somewhat  similar  significance  is  the  softening  of  the  brain 
which  often  occurs  in  old  people  from  simple  atheroma  of  the  arteries, 
even  without  thrombosis.  In  a  healthy  person  complete  obstruction  of 
an  artery  is  necessary  in  order  to  softening  of  the  brain  substance, 
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but  in  old  persons  the  mere  lessening  of  the  calibre  of  an  artery 
by  an  atheromatous  patch  is  often  sufficient  to  cause  softening.  These 
softenings  are  very  often  on  the  surface  of  the  brain,  and  lead  as  much 
to  weakness  of  the  mind,  etc.,  as  to  motor  paralysis,  whereas  the  softenings 
from  embolism  are  much  more  frequently  central,  and  lead  to  more 
definite  loss  of  motion. 

In  former  days  there  used  to  be  epidemics  of  what  is  now  recognised 
as  ERGOTISM  from  eating  bread  made  of  grain  mixed  with  ergot  of  rye. 
In  these  epidemics  the  symptoms  frequently  culminated  in  gangrene, 
usually  beginning  in  the  toes,  but  extending  thence,  and  sometimes 
attacking  the  ears,  nose,  etc.  The  gangrene  is  usually  accounted  for  by  the 
ansemia  due  to  the  spasmodic  contraction  of  the  arteries  from  the  action 
of  the  ergot.  This  explanation  has  been  doubted,  and  the  anaesthesia 
which  is  a  concurrent  symptom  has  been  adduced  as  the  cause.  Possibly 
the  interference  with  the  circulation,  the  directly  poisonous  action  of  the 
agent,  and  the  exposure  to  injury  to  which  a  part  devoid  of  sensation  is 
liable,  may  all  have  to  do  with  the  occurrence  of  the  gangrene. 

In  HOSPITAL  GANGRENE  there  is  a  progressive  necrosis  of  the  tissue, 
beginning  usually  in  a  granulating  wound,  and  resulting  either  in  con- 
siderable sloughing  or  molecular  necrosis.  The  gangrene  travels  mostly 
along  the  loose  connective  tissue,  and  so  may  undermine  the  skin,  or 
isolate  muscles  or  blood-vessels.  The  disease  is  due  to  a  specific  virus, 
which  spreads  in  the  spaces  of  the  loose  connective  tissue. 

Changes  in  the  dead  tissue.  When  a  tissue  dies  in  the  hving 
body  there  is,  at  first,  no  obvious  change  in  its  anatomical  characters  by 
which  it  could  be  distinguished  after  death  from  that  which  has 
survived.  But  the  dead  tissue  is  liable  to  undergo  changes,  chiefly 
chemical,  by  which  its  structure  is  altered,  and  it  becomes  obviously 
different  from  the  remaining  tissue.  The  different  forms  of  necrosis, 
indeed,  have  been  divided  according  to  the  character  of  the  changes 
assumed  by  the  dead  tissue.  It  will  be  understood  that,  in  the  case  of 
external  parts,  ordinary  putrefactive  decomposition  will  often  occur  and 
dominate  all  other  changes,  so  that  it  is  chiefly  in  internal  parts  that  we 
find  those  which  occur  independently  of  decomposition. 

1.  Coagulation  necrosis  is  a  term  which  has  recently  come  into  use 
to  designate  a  condition  described  very  fully  by  Weigert  (Virchow's 
Archiv,  vol.  79).  The  process  is  to  be  compared  with  the  coagulation 
of  the  blood,  the  coagulated  tissue  being  equivalent  to  the  fibrine.  In 
fact,  the  formation  of  a  thrombus  is  a  kind  of  coagulation  necrosis 
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implying  the  death  of  leucocytes,  and  the  formation  of  a  dead  structure, 
the  fibrine. 

We  have  already  seen  that  the  coagulation  of  the  blood  is  related  to 
the  death  of  white  blood  corpuscles.  In  dying  these  cells  set  free  the 
paraglobulin,  which  is  one  of  the  principles  that  go  to  form  fibrine. 
Now  the  active  cells  of  the  tissues  generally  contain  paraglobulin,  and  if 
the  fibrinogenetic  substance  be  present,  as  it  is  present  in  the  lymphatic 
fluid  which  bathes  the  tissues,  then  coagulation  may  take  place  if  the 
cells  die  and  yield  their  paraglobuhn  and  ferment.  In  order  to  this 
coagulation  the  tissue  must  be  a  very  cellular  one,  and  an  abundant 
supply  of  fluid  containing  the  fibrinogenetic  substance  must  be  present. 

We  meet  with  this  change,  chiefly  in  cases  where  death  has  occurred 
suddenly,  in  a  limited  piece  of  tissue,  while  the  parts  around  remain 
vigorous.  It  is  seen  very  typically  in  many  cases  as  a  result  of  embol- 
ism ;  the  EMBOLIC  INFARCTION  owes  its  dense  character  largely  to  the 
coagulation  of  the  tissue.  Sometimes  this  occurs  without  much  hgemor- 
rhage,  and,  in  the  kidney  for  instance,  we  often  find  a  pale  wedge-shaped 
infarction  of  almost  cheesy  consistence.  But  even  when  there  is 
haemorrhage  the  tissue  is  commonly  coagulated  as  well. 

Another  example  is  sometimes  aff'orded  by  muscle  which  undergoes 
a  change  to  which  the  name  colloid  degeneration  is  sometimes 


Fig.  28.^-Coagulation  necrosis  or  hyaUne  degeneration  of  muscle,    x  75 

given,  but  which  is  perhaps  better  called  waxy  or  hyaline  degenera- 
iON.    m  typhoid  fever,  and,  to  a  less  extent,  in  acute  tuberculosis, 
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scarlet  fever,  small-pox,  etc.,  this  peculiar  change  is  frequently  observed 
in  the  muscles,  chiefly  the  adductors  of  the  arms,  the  rectus  abdominis, 
diaphragm,  etc.  To  the  naked  eye  a  portion  of  the  muscle  is  seen  to 
be  pale  and  glassy-like,  resembling  the  flesh  of  uncooked  fish.  This 
occurs  in  patches,  and  where  thus  affected  the  muscle  appears  to  be  more 
Inittle,  haemorrhages  sometimes  occumng  in  the  patches.  Under  the 
microscope,  the  primary  change  is  seen  to  be  a  disappearance  of  the  trans- 
verse strise,  and  a  greatly  increased  transparency  of  the  muscular  fi])re. 
Fibres  affected  in  this  way  may  be  seen  close  beside  unaffected  ones. 
The  affected  fibre  is  obviously  unduly  brittle,  having  a  tendency  to 
break  transversely,  and  to  crumble  (see  Fig.  28).  By  this  process  it 
often  happens  that  an  oval  piece  of  degenerated  fibre  gets  isolated,  the 
two  tapering  ends  being  irregularly  crumbled  (see  Fig.  29)  while  the 


Pig.  29.-A  coagulated  clump  of  muscle  more  highly  magnified.  The  sarcolemma  surrounds  it, 
drawing  together  at  the  ends,    x  350. 

sarcolemma  collapses  on  the  ends  of  the  oval  piece.  A  similar  glass}- 
transformation  occurs  in  the  unstriated  muscle  in  the  acute  diseases 
mentioned. 

A  somewhat  similar  condition  is  occasionally  seen  m  paralyzed 
muscles,  where  it  may  exist  side  by  side  with  ordinary  atrophy  and 
fatty  infiltration.  It  has  also  been  produced  artificially  m  living 
animals  by  freezing  the  muscles. 

The  process  here  is  a  coagulation  of  the  contractile  substance,  ilus 
coagulation  may  even  be  brought  about  in  the  muscles  after  death  if 
they  be  injured  before  the  occurrence  of  the  cadaveric  rigidity,  which 
may  be  regarded  as  the  expression  of  the  normal  post-mortem  coagula- 
tion of  the  sarcocele.  In  the  case  of  typhoid  fever  it  may  be  supposed 
that  there  is  a  premature  death  of  individual  muscular  fibres,  mduced 
by  the  phenomena  of  the  disease,  and,  perhaps,  assisted  by  traumatic' 

Another  example  of  coagulation  necrosis  is  afforded  by  diphtheui.4. 
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In  this  disease  the  exudation  which  appears  on  the  fauces  is,  indeed,  in 
part  a  true  fibrinous  exudation,  hnt  it  is  also  in  part  composed  of  the 
coagulated  superficial  portions  of  the  mucous  membrane. 

The  TUBE  CASTS  of  the  kidney  are  also,  to  some  extent,  the  result 
of  coagulation  of  the  epithelium  of  the  uriniferous  tubules,  the  death  of 
the  epithelium  occurring  in  connection  with  inflammation  of  the  organ. 

In  all  cases  of  coagulation  necrosis  the  tissue  becomes  more  firni  and 
solid.  Sometimes  the  coagulum  assumes  a  fibrillated  charactei',  but 
perha^DS  more  frequentlj'  it  is  homogeneous,  the  structure  of  Avhicli 
the  tissue  is  composed  being  obscured. 

It  is  characteristic  of  the  process  that  the  nuclei  of  the  cells  become 
obscured  and  are  no  longer  brought  into  view  by  staining  the  tissue. 


broi^  '^^'T^r?!'?''*'"?  °^  'i^^scess  in  the  kidney.    Section  stained  with  aniline 

Referring  back  to  the  formation  of  the  white  thrombus  (p.  27)  it  will 
be  remembered  that  the  disappearance  of  the  nucleus  is  there  a  char- 
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iictei'istic  occurrence,  and  in  coagulation  necrosis  it  may  l)e  regarded  as 
of  similar  significance,  implying  the  death  of  the  cell.  This  peculiarity 
may  be  used  to  distinguish  the  existence  of  this  process.  If  we  stain  a 
section  of  a  tissue,  as  in  the  accompanying  figure  (Fig.  30),  and  find 
that  a  piece  shows  no  nuclei,  we  may  infer  that  necrosis  has  occurred. 

2.  Caseous  necrosis  is  a  condition  in  many  respects  analogous  to 
coagulation  necrosis.  We  have  seen  that  the  latter  is  an  acute  process, 
but  caseous  necrosis  mostly  occurs  when  the  loss  of  vitality  is  brought 
about  more  gradually.  It  is  met  with  mostly  in  tuberculosis  and  syphilis, 
and  in  both  of  these  we  have  a  specific  virus  acting  on  the  tissues.  It 
may  be  a  question  how  far  the  death  of  the  tissue  is  due  to  the  action 
of  the  virus  or  to  the  obstruction  of  the  circulation.  This  form  of 
necrosis  also  occurs  occasionally  in  tumours  and  inflammatory  products. 

The  structures  involved  are  cells,  and  so  we  have  material  for  the 
resulting  coagulum.  But  before  the  actual  necrosis  fatty  degeneration 
occurs  in  the  cells,  so  that  the  coagulum  is  furnished  with  fine  fat 
granules  which  give  a  very  opaque  appearance  to  it.  To  the  naked  eye 
the  density  of  the  tissue  with  its  opaque  appearance  is  suggestive  of 
cheese,  and  hence  the  name.  *  Under  the  microscope  the  necrosed  tissue 
presents  the  same  obscuration  of  the  nucleus  as  we  find  in  coagulation 
necrosis,  but  in  addition  all  details  of  structure  are  completely  ob- 
scured by  the  general  opaque  granular  appearance  presented  by  the 
caseous  material.  In  fact,  this  general  granular  opacity  frequently 
renders  the  original  constitution  of  a  structure  exceedingly  obscure. 

3.  Desiccation  and  mummification  is  a  simpler  process  than  those 
we  have  been  considering.  The  part  dies,  and  instead  of  coagulating  it 
simply  dries  in  and  shrivels.  An  example  of  this  on  the  large  scale  is 
aff"orded  by  some  cases  of  extra-uterine  pregnancy,  where  the  mother 
survives  the  death  of  the  foetus.  The  latter  may  remain  for  years  m 
the  abdomen,  simply  drying  up.  Virchow  found  muscle,  connective 
tissue,  and  vessels  still  quite  recognizable  after  twenty  years.  In  Unn 
pregnancy,  also,  one  of  the  foetuses  may  die  at  an  early  period,  and  l)e 
born  as  a  flattened  shrivelled  object  with  that  which  reached  the  full 
time  It  will  be  obvious  that  cases  of  caseous  metamorphosis  and 
<^oao-ulation  necrosis  may  be  brought  under  this  heading,  the  resulting 
material  having  often  a  tendency  to  dry  and  contract.  Calcareous 
infiltration  frequently  overtakes  such  structures  finally  if  they  are  not 
absorbed  by  the  processes  to  be  presently  considered. 

But  under  certain  circumstances  an  external  part  also  undergoes 
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desiccation,  and  the  condition  is  called  DRY  gangrene  or  mummification. 
In  some  cases  the  drying-in  will  be  facilitated  by  the  part  being  at  the 
time  of  death  deficient  in  moisture,  as  where  the  gangrene  has  resulted 
from  embohsm  or  in  senile  gangrene.  It  will  not  i^robably  occur  if 
there  has  been  much  coincident  inflammation.  The  part  undergoes  a 
gradual  deepening  of  colour;  at  first  merely  livid,  it  passes  on  into 
purple,  deep  blue,  and  even  black.  This  is  due  to  the  blood-colouring 
matter  being  dissolved  out  and  staining  the  tissues  which  deepen  in 
colour  as  the  pigment  becomes  concentrated  by  drying.  The  cuticle  by 
and  by  gets  raised  by  red  fluid  accumulating  beneath  it,  and  when  it 
has  separated  evaporation  goes  on  more  rapidly,  and  the  piece  of  tissue 
Avithers,  shrinks,  and  is  converted  into  a  hard  black  mass  often  with  a 
mouldy  smell.  In  the  case  of  dry  gangrene  the  deficiency  of  fluid 
prevents  the  agents  of  decomposition  obtaining  a  proper  nidus. 

4.  Softening  or  colliquification  is  seen  tyj^ically  in  those 
necroses  of  the  brain  sul)stance  which  are  so  frequent  in  connection 
mth  embohsm.  The  breaking  down  of  the  brain  substance  is  accom- 
panied by  fatty  degeneration,  so  that  a  kind  of  fatty  emulsion  is  formed. 

AVhen  external  parts  die  they  very  often  undergo  softening  with 
DECOMPOSITION.  This  occurs  chiefly  in  cases  where  there  has  been 
considerable  inflammation,  so  that  the  parts  are  saturated  with  fluid. 
An  ordinary  slough  in  an  external  wound  is  an  instance  of  this.  When 
a  considerable  portion  of  a  limb  is  killed  and  separated  by  sloughing, 
then  we  speak  of  it  as  moist  gangrene.  The  appearances  are  well  seen 
where  a  portion  of  a  leg  has  died  in  consequence  of  a  traumatic  cause. 
The  parts  which  were  at  first  hot,  red,  and  painful,  become  mottled  with 
brown,  blue,  and  black,  and  may  even  present  bhsters.  They  become 
cold  and  darker  except  at  the  margin  where  a  dusky  red  line  of  demar- 
cating inflammation  appears.  The  tissues  get  universally  stained  with 
blood-colouring  matter,  the  cuticle  gives  way,  and  decomposition  ad- 
vances and  causes  breaking  down  of  the  tissues,  which  are  separated  as 
sloughs  m  all  stages  of  softening,  and  exhaling  a  strong  odour  The 
fluid  which  permeates  the  tissues  contains  fat,  phosphates,  and  other 
salts,  as  well  as  extractives  from  the  tissues. 

We  have  now  to  trace  the  further  course  of  events  in  necrosis  In 
many  cases  the  necrosis  limits  itself  almost  at  once ;  the  agent 
has  been  at  work  once  for  all  and  has  killed  a  certain  portion  of  tissue, 
and  It  only  remams,  by  processes  which  we  shall  now  describe,  to  get 
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rid  of  the  dead  piece.  In  other  cases  the  agent  acts  also  on  surronndiiig 
parts,  though,  being  less  severe,  it  only  produces  infiammation,  while 
necT'osis  may  occur  at  a  sul)se(i\ient  period.  This  will  happen  the  more 
readily  if  decomposition  occiirs  in  the  gangrenous  part.  The  juices  of 
decomposition  extending  to  the  inflamed  parts  may  cause  a  further 
serious  extension  of  the  necrosis.  Thus  in  traumatic  gangrene  it  may 
be  long  before  a  proper  hne  of  demarcation  forms,  and  the  necrosis 
becomes  definitive.  The  importance  in  such  cases  of  preventmg  decom- 
position in  the  dead  part  will  be  obvious.  But,  agam,  in  predisposed 
tissues  which  are  less  able  to  resist  than  normal  ones,  as  in  old  persons, 
or  in  persons  the  subject  of  diabetes,  the  gangrene  may  extend  without 
there  being  any  considerable  inflammation  or  decomposition. 

The  final  disposal  of  the  dead  tissue.— -In  this,  inflammation 
plays  a  most  important  part.  We  have  seen  that  violent  inflammation 
is  often  produced  by  the  same  cause  as  the  necrosis,  or  may  supervene 
on  it.  This  will  mostly  be  the  case  in  external  parts  where  decomposi- 
tion often  comes  in  to  increase  the  inflammation.  The  inflammation  is 
accompanied  by  exudation  and  hyperemia,  like  other  inflammations, 
and  commonly  goes  on  to  suppuration.  A  layer  of  pus  comes  thus  to  ' 
divide  the  dead  tissue  from  the  living,  and  the  dead  is  cast  off  as  a 
slough.  There  remains  a  suppurating  wound  or  ulcer.  This  loss  of 
tissue,  whether  molecular  or  as  a  massive  slough,  is  the  essential  feature 
of  an'  ulcer  of  whatever  kind,  and  a  suppurating  surface  will  usually- 

internal  parts,  if  the  necrosis  be  accompanied  or  followed  by 
the  production  of  irritating  chemical  substances,  then  a  Adolent  mflam- 
mation  will  be  produced  around.  It  is  so  in  the  case  of  pyaemia 
where  there  is  septic  embolism.  In  this  case  the  inflammation  wi  1 
usually  be  violent  enough  to  produce  suppuration,  and  the  result 
\villbe  the  formation  of  an  abscess.    (See  Fig.  30.) 

In  the  case  of  internal  parts  where  there  is  no  disturbing  decomposi- 
tion or  even  in  external  parts  which  are  protected  from  septic  contamin- 
•,tion  the  inflammation  is  of  a  much  milder  character.  The  necrose< 
nortion  now  comes  to  act  as  a  foreign  body  or  dead  piece  of  tissue,  and 
I  subject  to  the  changes  already  described  at  p.  97.  The  dead  tissiie 
is  often  eaten  into  and  replaced  by  vascular  granulations,  which  finally 
contract  and  leave  a  small  residue  of  connective  tissue ;  or  the  dead 
piece  is  encapsuled  and  may  lie  quiescent.  Not  infrequently  tl.. 
encapsuled  tissue  undergoes  infiltration  with  lime  salts,  as  we  shall  see 
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afterwards.  In  the  case  of  necrosis  in  bone  the  external  capsule  is 
frequently  composed  of  new-formed  bone. 


SIMPLE  ATEOPHY. 

There  comes  up  here  for'  consideration,  to  begin  with,  what  ma}^ 
be  called  physiological  atrophy.  At  certain  periods,  for  instance, 
the  milk  teeth  drop  off,  and  this  is  effected  by  an  atrophy  of  the  fang 
so  that  the  crown  is  shed.  At  a  still  earher  period  the  thymus  gland 
atrophies.  Then  again  throughout  life  there  is  a  continual  shedding  of 
the  hair,  and  if  a  cast-off  hair  from  the  eyelash,  for  instance,  be 
examined-  under  the  microscope,  it  will  be  seen  that  its  bulb  is 
atrophied,  and  this  is  the  cause  of  its  being  shed.  In  some  persons 
the  hair  of  the  scalp  is  largely  shed  at  a  comparatively  early  age,  with- 
out being  properly  reproduced,  there  being  here  an  atrophy  of  the  hair 
sheath  and  papilla.  Then  there  is  the  normal  atrophy  of  the  tissues 
generally,  which  occurs  in  old  age.  The  atrophy  of  old  people  may  in 
many  cases  be  due  to  some  organic  disease  whose  symptoms  are  not 
manifest;  but  we  are  all  famihar  with  the  healthy  old  person  with 
shrivelled  hands  and  face  and  pHcated  skin. 

In  all  these  cases  there  is  a  kind  of  intention  in  the  tissues,  so 
to  speak,  according  to  which  they  live  a  certain  period  and  then  decay. 
As  Paget  has  pointed  out,  such  atrophies  may  almost  be  regarded 
:is  active  processes.  The  fall  of  the  leaf  is  due  to  an  active  absorption 
or  atrophy  of  the  fibres  uniting  it  to  the  stem ;  if  the  leaf  dies  before  its 
time,  or  is  killed,  it  remains  hanging,  but  in  the  natural  course  it  drops 
when  its  time  is  come.  So  with  our  tissues  and  the  whole  organism, 
there  is  a  period  to  their,  activity.  '  The  period  varies  in  different  per- 
sons, and  in  this  regard  hereditary  influences  have  an  important  bearing. 
Just  these  largely  determine  the  period  of  growth  of  the  body  and 
Its  rapidity,  so  do  they  influence  the  duration  of  activity  of  the  tissues. 
This  is  plainly  seen  in  the  case  of  the  hair;  baldness  runs  in  famihes, 
just  as  longevity  does. 

Turning  to  more  strictly  pathological  atrophies,  we  may  distinguish 
three  forms-1,  those  dependent  on  the  supply  of  nutrition  being 
aetective ;  2,  those  m  which  disuse  of  a  structure  causes  its  atrophy  • 
and,  3,  those  m  which  the  atrophy  is  related  to  some  change  in  the' 
.nervous  system. 

General  emaciation  is  the  most  obvious  example  of  the  first  class, 
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occurring,  as  it  does,  either  directly  from  intei-ference  with  the  supply 
of  food,  or  from  impoverishment  of  the  blood  by  excessive  waste.  The 
food  may  be  procured  in  insufficient  quantity,  or  a  stricture  of  the 
oesophagus  may  interfere  with  its  passage  to  the  stomach,  or  the  stomach 
may  reject  it  after  it  has  been  swallowed.  On  the  other  hand,  there  is 
frequently,  in  advanced  phthisis  or  ulcerating  cancers,  a  large  consump- 
tion of  the  nutritious  material  available  to  the  body,  and  the  tissues 
suffer  accordingly.  In  these  and  other  cases  of  general  atrophy,  the 
tissues  dwindle  in  different  proportions,  the  fat  most ;  next  to  it  the 
spleen,  testicles,  liver,  muscles,  bones,  and  least  of  all  the  central  nerv- 
ous system. 

As  belonging  to  this  class  also  may  be  mentioned  the  atrophies  of 
FEVERS,  although  perhaps  the  atrophy  here  is  to  some  extent  more  of 
an  active  process.  In  fevers  there  is,  with  the  high  temperature,  an  in- 
creased combustion  of  the  nitrogenous  constituents  of  the  tissues.  If 
the  supply  of  nutritious  material  were  abundant,  then  this  would  not 
necessarily  lead  to  atrophy,  but  the  febrile  patient  eats  little  or 
nothing,  and,  besides,  the  constitution  of  the  blood  is  altered,  and  so 
the  structures  atrophy,  sometimes  with  great  rapidity. 

To  the  same  class  belong  local  atrophies  from  local  interference 
with  the  blood  supply.  The  overgrowth  of  connective  tissue  in  inter- 
stitial inflammations  of  parenchymatous  organs  causes  atrophy  of  the 
secreting  structure  of  these  organs,  as  in  the  case  of  the  Hver,  kidney, 
testicles,  etc.    Growing  tumours  or  aneurisms  cause  atrophy  of  the 

tissues  around,  etc. 

Of  the  second  class,  the  most  obvious  are  the  atrophies  of  muscles 
FROM  DISUSE.  Paralysis  or  anchylosis  of  a  limb  results  in  its  emaciation. 
In  conjunction  with  the  atrophy  of  the  muscle,  there  is  often  an  over- 
o-rowth  of  the  adipose  tissue  between  the  muscular  fibres.  The  retro- 
grade changes  which  occur  in  the  uterus  after  delivery  may  possibly  be 
regarded  as  another  example. 

As  to  the  ATROPHIES  DEPENDING  ON  NERVOUS  LESIONS,  these  are 
somewhat  obscure  in  their  essential  pathology.  It  is  true  that  after 
motor  paralyses  of  all  sorts,  atrophy  of  the  muscle  occurs,  after 
hemiplegia,  for  example  ;  but  the  atrophy  in  this  case  ma}-  l)e  from  dis- 
use of  the  muscle,  just  like  atrophy  after  anchylosis  of  a  joint.  There 
are  however,  some  atrophies  follomng  nervous  lesions  which  are  rapid 
in  their  development,  and  appear  to  be  due  not  directly  to  the  paralysis, 
but  rather  to  an  interference  with  the  nerve-centres  concerned  m  the 
nutritive  processes.    It  has  been  abundantly  shown  by  experiments  in 
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animals  that  Avhen  a  nerve  stem  containing  motor  fibres  is  divided,  there 
is  a  coagulation,  disintegration,  and  subsequent  absorption  of  the  medul- 
lary sheaths  of  the  nerve  fibres  in  the  stem.    Erb  states  that  the  axis 
cyhnder  persists,  while  others  assert  that  it  too  atrophies.    In  any  case 
the  muscles  supplied  by  the  nerves  also  atrophy.    Even  in  the  first 
week  there  is  considerable  wasting,  and  after  a  month  the  muscle  has 
scarcely  half  its  former  thickness.    This  is  a  simple  atrophy,  the  mus- 
cular fibres  getting  thinner,  and  presenting  the  nuclear  change  to 
])e  referred  to  afterwards.    The  atrophy  which  occurs  in  a  common 
hemiplegia  is   not  nearly  so  rapid   as  this,  and  is  often  scarcely 
perceptible  after  a  month.    In  comparing  the  lesions  in  the  nervous 
system  in  these  two  cases,  the  diflference  will  at  once  appear ;  in  the 
one  the  interruption  to  the  motor  fibres   is   high   up    above  the 
spinal  cord,  while  in  the  other  it  is  low  down,  after  the  fibres  have  left 
the  cord. 

But  there  are  some  forms  of  paralysis  in  which   atrophy  is  a 
peculiarly  pronounced  feature.     Infantile  paralysis  is  one  example ; 
progressive  muscular  atrophy  is  another;   and  glosso-pharingeal  or 
bulbar  paralysis  a  third.    In  these  the  atrophy  is  even  more  striking 
than  the  paralysis,  and  in  other  forms  of  paralysis  there  is  often  a 
greater  loss  of  function  with  much  less  atrophy.     These  forms  of 
atrophy  have  been  classed  as  tropho- neuroses,   as   it  is  evident 
that  besides  the  mere  paralysis  there  is  some  lesion  of  the  structures 
which  command  the  nutrition  of  the  muscles.    These  structures  are 
presumably,  trophic  nervous  centres  situated  in  the  spinal  cord  and' 
as  we  shall  see  afterwards  in  connection  with  diseases  of  the  nervous 
system.  It  IS  to  be  inferred  that  these  trophic  centres  are  near  the 
motor  centres,  or  are  identical  with  them.    Now  the  motor  centres  of 
the  cord  are  m  the  anterior  grey  cornua,  and  the  trophic  centres  are 
presumably  there  also,  taking  part  in  the  destruction  which  affects  the 
cornua  m  this  class^  of  diseases.    In  infantile  paralysis,  for  instance, 
here  is  an  acute  inflammation,  with  destruction  of  centres  in  the 
antenor  cornua. 

r.Jr^''\°T  °^  "  ""'^'^'"^  tropho-neurosis  is  the  atrophy  with 
'^ral  ;t"T  """"  ''°'^<"'™«-  Here  the  paralysis  and 
Tjoi  T  \  '^^^7  °*  'he  arm.  and  the  localisation  of  these  to 
Xof  the"?  '°        ™^        ^'^^        'he  gangHon 

i'u  T"":  '"™'™'*'    ™^  localization  has  no* 

mlrJt  n'  T  J  "  "  'PP^^™'  ''^"^  ^hy  the  lead  should 
»pec.fically  attack  ths  particular  group  of  ganglion  celk.    Still  we 
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know  that  poisons  have  frequently  special  affinities,  and  the  possibility 
is  not  to  be  excluded. 

In  all  these  forms  of  muscular  atrophy  certain  changes  occur  in  the 
muscles.  There  is  an  increase  in  the  nuclei  of  the  muscular  fibres, 
and  sometimes  an  increase  of  the  connective  tissue,  a  condition  which 
some  have  regarded  as  an  interstitial  inflammation.  Sometimes  also  a 
great  development  of  fat  occurs  in  the  connective  tissue  of  the  muscles. 
These  changes  are  secondary  ;  they  are  found  in  the  muscles  after 
division  of  nerves,  and  are  therefore  not  to  be  regarded  as  the  cause  of 
the  atrophy  and  paralysis.  The  muscular  fibre  itself  becomes  smaller, 
and  is  occasionally  the  seat  of  fatty  degeneration.  As  the  disease  pro- 
ceeds, the  muscular  fibre  may  altogether  disappear. 

Among  the  tropho-neuroses  is  also  commonly  included  that  pecuhar 
ATROPHY  OF  HALF  THE  FACE,  of  which  a  few  cases  have  been  published. 
This  atrophy  affects  all  the  structures,  bones,  muscle,  skin,  etc.  but 
is  not  accompanied  by  paralysis.  It  does  not  follow  strictly  the  distri- 
bution of  any  nerve,  although  closely  approximating  to  that  of  the  htth. 
The  pathology  is  obscure,  but  it  is  usually  regarded  as  due  to  an 
affection  of  the  trophic  centres  wherever  they  are. 


ALBUMINOUS  INFILTKATION. 


This  is  a  term  having  a  meaning 


Fic  Sl.-Cloudy  swelling  of  renal  epithelium 
with  slight  fatty  degeneriition  A  PO^tion  of  a 
tubule  is  shown,  and  some  isolated  cells  From  a 
case  of  acute  phthisis  pulmonahs.    x  350. 

is  increase.    The  qualitative  defect 


equivalent  to  Cloudy  Swelling  as 
used  by  Virchow,  and  to  Paren- 
chymatous  degeneration.  The 
condition  has  been  incidentall}" 
referred  to  in  considering  inflam- 
mation.   Its  essential  nature  may 
be  expressed  by  stating  that  in  it 
cells  increase  in  bulk,  while  the 
added  material  is  not  properiy 
assimilated  and  so  deposits  in  the 
cells  in  visible  albuminous  gran- 
ules.    The  enlarged   cells  are 
therefore  clouded  (see  Fig.  31),- 
and  the  nuclei  obscured.  The 
condition   implies  a  qualitative 
defect  in  the  nutrition  of  the 
cells,  while  quantitatively  there 
is  very  often  still  further  mani- 
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fested  by  the  occurrence  of  fatty  degeneration  (as  in  the  figure)  along 

with  the  cloudy  swelling,  and  these  two  conditions,  in  fact,  frequently 

run  into  each  other. 

The  condition  is  brought  about  by  causes  which  irritate  cells  and  at 

the  same  time  increase  their  supply  of  nutritious  fluid.  One  of  these  is 
inflammation,  and  cloudy  swelling  is  the  most  pronounced  change  in  the 
earlier  stages  of  the  parenchymatous  inflammations  of  organs,  especially 
.  of  the  kidneys.  Besides  by  inflammation,  it  is  produced  by  nearly  all 
febrile  diseases,  and  seems  to  bear  some  relation  to  the  elevation  of 
temperature.  It  is  met  with  in  the  acute  specific  fevers,  in  pneumonia, 
erysipelas,  pyemia,  acute  phthisis  pulmonalis  with  high  temperatures, 
etc.  It  is  as  if  the  blood,  altered  by  the  elevation  of  temperature  and 
otherwise,  acts  as  an  irritant,  producing  a  kind  of  sub-inflammatory 
condition.  As  the  blood  is  carried  throughout  the  body  the  parenchy- 
matous change  is  not  limited  to  any  single  organ,  but  is  found  in  the 
liver,  kidneys,  muscular  fibre  of  the  heart,  voluntary  muscle,  and 
elsewhere. 

The  name  cloudy  swelling  implies  that  the  aff'ected  cells  are  enlarged. 
It  is  to  be  observed  also  that  the  cells  concerned  here  are  the  proper 
cells  of  organs,  that  is  to  say  the  structures  which  are  concerned  in 
their  functions  and  make  up  the  greater  part  of  their  bulk.  Hence  it 
arises  that  considerable  enlargement  of  the  organs  as  a  whole  may  occur 
from  this  cause,  and  this  is  especially  seen  in  the  liver,  which  sometimes 
shows  great  increase  in  size  and  weight  in  acute  fevers.  The  kidneys 
are  also  sometimes  considerably  enlarged  from  this  cause. 

FATTY  DEGENEEATION. 

^  In  this  condition,  which  aff^ects  the  cells  of  tissues,  we  have  a  change 
m  the  chemical  composition  of  the  cell-contents;  the  albuminous  con- 
stituents split  up  and  yield  fat.  Before  going  further  it  may  be  well 
to  remember  that  fat  exists  in  the  tissues  in- two  conditions,  in  the 
first  place  as  free  fat,  and  in  the  second  place  in  such  close  chemical 
^on  with  the  albuminous  constituents  that  it  no  longer  responds  to 
the  ordinary  reactions  of  fat.  For  instance,  besides  free  fat  in  muscular 
fibre  there  is  much  combined  fat,  and  in  order  to  detect  the  latter,  by 

1  ^^"^binations.     When  these  combinations 

Z^rZ     .  ^^'^  "^^-^^l^  ^«  -i-t«  drops,  and 

It  can  be  extracted  with  ether.    It  may  be  well,  in  the  first  pfa  e,  to 
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take  one  or  two  typical  examples  of  fatty  degeneration,  and  endeavoiii' 
to  gather  from  them  some  conception  of  its  pathology. 

The  well-known  experiments  of  Bauer  on  the  eflects  of  poisonino 
dogs  WITH  PHOSPHORUS  afford  an  excellent  example  to  hegin  with. 
This  author  deprived  a  dog  of  food  for  a  period  of  twelve  days,  till  it 
had  consumed  all  its  available  store  of  fat,  and  the  excretion  of  nitrogen 
in  the  urine  had  reached  a  constant  minimum  of  eight  grammes  in  the 
twenty-four  hours.  He  then  gave  the  animal  small  doses  of  phosphorus 
and  found  that  the  excretion  of  nitrogen  markedly  increased  on  to 
death,  reaching  treble  its  former  amount,  namely,  23-9  grammes.  The 
phosphorus  in  the  blood  had  induced  a  marked  consumption  of  the 
albuminous  tissues,  manifested  in  a  great  increase  in  the  urea  excreted. 
But  now  when  the  animal  was  killed,  an  enormous  mcrease  in  the  free 
fat  in  the  organs  was  found,  the  liver  and  muscles  contained  about  three 
times  their  normal  amount  of  fat,  and  other  structures  such  as  the  renal 
epithelium,  and  the  walls  of  the  blood-vessels,  presented  marked  fatty 
degeneration.  Here  was  an  agent  circulating  in  the  blood,  whose  effect 
was  the  decomposition  of  the  albuminates  and  the  formation  of  fats. 

Again,  it  has  been  mentioned  above  that  in  AN.EMIAS  there  is  often 
a  marked  fatty  degeneration  of  the  muscle  of  the  heart,  of  the  hepatic 
cells,  and  of  the  renal  epithelium.  In  this  case  a  deterioration  of  the 
blood,  and  especially  a  defect  in  the  hemoglobin,  determmes  the  occur- 
rence of  fatty  degeneration. 

When  an  ARTERY  IN  THE  BRAIN  IS  OCCLUDED  we  have  already  seen 
that  necrosis  frequently  occurs,  accompanied  by  -^^^^^^ 
with  this  or  preceding  it,  there  is  a  pronounced  Mty  ^ege  jat  on 
affectino-  the  brain-substance  and  resulting  m  the  formation  of  laige 
i  filled  with  finely  divided  fat  (the  so-called  compound  granida 
ceils  ni  ea  j   aggregation  of  fat  occurs  at  intervals  m  the 

corpuscles).    A  Wa    a  greg  ^^^^  ^^^^  ^^^^ 

walls  of  th    -P^™^^^^^^  ,f  the  disintegrated  medullary 

unduly  active  formative  ones. 

we  have  now  to  endeavour  to  explain  thk  occ.m.m:  of  fatty 
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degeneration  in  these  various  circumstances.  There  are  some  of  them 
which  we  can  account  for  on  the  same  principles  as  we  account  for  the 


^  if — 


Fig.  32.  -Fatty  degeneration  in  the  cerebral  vessels  in  softening  of  the  brain.  (Paget.) 

fatty  degeneration  in  phosphorus-poisoning.  In  acute  yellow  atrophy 
of  the  liver  the  hepatic  cells  break  up,  and  present  the  characters  of 
pronounced  fatty  degeneration ;  this  is,  presumably,  due  to  the  action 
of  some  poisonous  agent,  and  it  has  even  been  supposed  that  phosphorus 
is  the  agent.  Then,  again,  we  have  fatty  degeneration  frequently  asso- 
ciated, as  we  have  seen,  with  cloudy  swelHng  in  fevers,  etc.  In  this 
case  the  fatty  degeneration  may  be  due  to  the  splitting  up  of  the 
loosely  combined  fatty-albuminous  principles.  The  same  appHes  to 
some  of  the  more  local  fatty  degenerations.  The  mere  degradation  of 
the  tissue  may  allow  of  these  decompositions  occurring,  as  when  fatty 
degeneration  occurs  in  yellow  softening  of  the  brain. 

But  there  are  some  cases  in  which  more  fat  appears  in  the  tissues 
than  the  mere  breaking  up  of  the  normal  combinations  would  account 
for.    In  these  cases  we  must  suppose  a  different  mode  of  origin. 

It  seems  to  be  a  function  of  most  of  the  active  cells  in  the  body  to 
form  fat,  which  is  oxidized  or  burnt  either  in  the  same  place  or  else- 
vrhere.  The  cells  may  form  fat  even  from  albuminous  material  The 
mammary  glands  secrete  milk  just  as  abundantly  when  the  animal  feeds 

f^t  W  r  f     T  r '^^^  ^"''y  ^^^^^^1-  ''^'^^  --tains 

t^Z  ir^T  "'^-'^^  -^^P-1-%it  is  continually 

;r  !     ^«  continually  being  oxidized.    But  something  may 

the  quality  of  the  blood  may  be  altered,  or  the  vitality  of  the  cells  ma^ 
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be  SO  reduced  as  to  render  the  process  of  oxidation  imperfect.  It  is 
possible,  then,  that  there  may  be  in  these  cases,  not  so  much  an  m- 
creased  decomposition  of  the  all,umen  as  a  decreased  oxidation  ot 
the  fat,  and  the  latter  will  appear  in  the  tissue  as  free  fat,  with  all  the 
appearances  of  fatty  degeneration. 

We  have  now  to  consider  the  actual  anatomical  chanoes  presented 
in  fatty  degeneration  and  visible  under  the  microscope.  The  degenera- 
tion occurs  mainly  in  the  cells  of  the  tissues.  .  The  fat,  arising  as  it  does  by 
the  chemical  decomposition  of  the  protoplasm  of  the  cell,  appears  m  the 
form  of  fine  drops  or  granules,  which  are  strongly  refracting.  These 
granules  are  still  separated  from  each  other  by  the  remains  of  the  cell 
Contents  and  are  therefore  isolated.  It  may  happen  m  this  way  that,  as 
in  Fig  33  a  fatty  degeneration  occurring  in  a  structure  may  render  its 


hi 


Fig  34  — Fattv  degeneration  of  cells  in  a 
Fi^  33 -Fatty  degeneration  in  an  atheix.-         cancer  of  t^e  mamm^ 

cells  from  middle  coat,    x  350. 

constituent  cells  unusually  distinct,  their  fonn  ^^J'^^:;;^^ 
entlv  out  by  the  fat  in  them.    As  time  goes  on,  the  fat  gianules  in 
*m  the  whole  cell  is  filled  with  iine  refracting  od  drops  whrch 
rremain  isolated  (see  Fig.  34),  heing  each  —'^l^y^^^'^Z 
ous  envelope.    The  process  is  in  ^^^^^^Z:^ <^^^tZL 

which  are  often 

'-t;^  ryTr:ir::;:r^^^^^  .  present . ^ 

Tit  is  very  readily  absorbed.    We  know  how  readdy  he  enud- 
:S  fat  in  :he  aLen'tary  canal  is  taken  up  by  the  epithehun,.  and 
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passed  on  into  the  lacteals.  When  milk  is  injected  into  the  abdominal 
cavity  of  a  living  animal,  or  even  laid  on  the  surface  of  the  diaphragm 
after  death,  it  very  quickly  passes  into  the  lymphatics.  In  the  case  of 
fatty  degeneration  of  cells,  if  fluid  be  present,  the  cells  disintegrate,  an 
emulsion  is  formed,  and  absorption  occurs  just  as  in  the  case  of  milk. 

But  sometimes  the  fatty  degeneration  occurs  in  connection  with 
structures  not  adapted  to  absorption,  as  in  a  hydrocele,  where  the  ten- 
dency is  rather  to  transudation,  or  in  an  ovarian  tumour.  In  that  case, 
the  fat  undergoes  further  changes,  resulting  usually  in  the  production  of 
crystals  of  cholestearine  (Fig.  35).    This  substance  occurs  as  a  normal 


constituent  of  the  central  nervous  tissue  and  bile,  in  which  latter  it  is 
dissolved.  Its  crystals  are  rhombic  tables  whose  angles  measure  79°  30' 
and  100°  70'.  On  adding  strong  sulphuric  acid  to  a  crystal  of  chole- 
stearine, letting  it  gradually  run  in  and  act  on  it,  the  crystal  appears  to 
melt  from  the  edge  inwards,  and  take  on  a  fatty  appearance,  and  by  and 
by  It  gathers  into  a  brown  drop.  On  adding  iodine  and  sulphuric  acid 
to  a  crystal,  there  is  at  first  a  beautiful  display  of  colours. 

The  changes  mentioned  above  occur  when  there  is  abundant  fluid  in 
connection  with  the  fatty  debris,  converting  it  into  an  emulsion,  which 
either  is  absorbed  or  deposits  crystals  of  cholestearine.  But  when  the 
fluid  is  deficient,  as  when  the  vessels  are  few  and  the  cells  are  heaped 
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together  closely,  in  that  case  the  fatty  degeneration  is  often  associated 
with  necrosis,  and  there  is  a  shrinking  and  drying-in  of  the  structure, 
resulting  in  the  formation  of  a  cheesy-looking  material.  This  process 
we  have  already  considered  under  the  designation  caseous  necrosis. 
The  cheesy  material  used  to  be  regarded  as  crude  tubercle,  and  the 
metamorphosis  was  called  tuberculization.  We  have  already  seen 
that  although  caseous  necrosis  is  far  more  frequent  in  connection  with 
tuberculosis  than  any  other  condition,  yet  the  name  must  not  be  mono- 
polized by  this  process. 

FATTY  INFILTRATION. 
By  this  term  is  meant  the  deposition  of  fat  in  the  tissues.  The 
normal  fate  of  fat  is,  for  the  most  part,  to  be  burnt,  thereby  assisting  in 
the  maintenance  of  the  animal  temperature.  But  there  may  be  too 
much  fat  formed  or  absorbed  for  the  uses  of  the  organism  or  for  the 
purposes  of  particular  parts,  and  it  is  then  laid  doMm,  as  it  were,  in 
store 

^  In  some  persons  digestion  is  active,  and  they  assimilate  more  carbo- 
hydrates than  their  organism  can  oxidize.  Such  persons  are  often 
rather  sluo-gish  in  their  movements,  and  respiration  is  not  very  vigor- 
ous and  To"  the  oxidation  is  less  than  normal.  In  that  case  the  spare 
fat  is  deposited  in  the  subcutaneous  tissue  and  great  omentum  mamly 
It  is  infiltrated  into  the  connective  tissue  corpuscles,  and  it  is  well 
known  that  adipose  tissue  and  connective  tissue  are  to  a  certam  extent 
mutually  convertible.    This  general  deposition  is  called  obesity. 

Then  there  are  local  depositions  that  are  more  difficult  to  explam 
which  occur  mainly  in  connection  with  structures  that  are  m  some 
way  PUT  out  of  use.    A  most  typical  example  of  this  is  afforded  by 
MUSCLES  which  have  become  fixed  at  their  two  ends  by  stiffening  of 
ioints     The  muscle  can  no  longer  produce  any  movement,  and  its 
fibres' gradually  atrophy  as  we  have  already  seen.     At  the  same 
tim     in  the  connective  tissue  around  the  muscle  and  m  that  which 
!™orts  it  there  is  a  great  infiltration  of  fat,  so  that  adipose  tissue 
"Ta     bJtwe  n  and  Ground  the  fibres  (see  Fig.  36).    Then,  again, 
rpseudo-hypertrophic  paralysis-a  disease  chiefly  of  children-there 
s  a'Tmilar'procesi    The  muscular  tissue  atrophies,  but  there  is  a 
he  saTe  time  an  excessive  transformation  of  the  connective  tissue  into 
Id  posr^^^^^^^  so  that  the  wasting  of  the  muscle  is  more  than  coun- 
Slnced  b;  the  excess  of  adipose  tissue,  and  there  is  thus  a  pseudo- 
hypertrophy. 
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A  similar  fatty  infiltration  occurs  in  the  heart.  Normally,  there 
is  a  certain  amount  of  aclii^ose  tissue  beneath  the  pericardium.  But 
sometimes  this  becomes  excessive  in  quantity  and  extends  into  the 
muscular  substance,  between  the  muscular  fibres,  so  that  the  wall  of  the 
ventricle  may  be  largely  composed  of  adipose  tissue.  If  this  fatty  in- 
filtration were  primary  then  we  could  understand  how,  in  these  cases, 
there  should  be  great  wasting  of  the  proper  muscular  fibre,  and  there 


Fig.  36  —Fatty  infiltration  of  muscle  from  a  case  of  stiffening  of  the  ankle 
by  an  epithelioma  of  the  skin  over  it.  The  muscular  fibres  are  narrowed,  and 
adipose  tissue  appears  between  them,    x  SO 


are  cases  in  which  the  over-loading  of  the  heart  seems  to  be  part  of  a 
general  obesity.  But,  more  frequently,  there  is  reason  to  believe  that 
the  weakening  of  the  heart  and  the  atrophy  of  the  muscle  are  the  prim- 
ary occurrences  and  the  fatty  infiltration  secondary. 

It  is  diflScult  to  account  for  this  local  deposition  of  fat  in  connection 
with  muscle.  It  may  be  that  as  normally  fat  is  largely  oxidized  in 
muscle,  or  largely  produced  there  in  connection  with  the  active  process 
of  contraction,  when  the  demand  is  gone  it  is  laid  down  by  the  vessels 
m  the  neighbouring  connective  tissue. 

Fat  is  often  deposited  in  excessive  quantity  around  diseased  and 
USELESS  GLANDS,  especially  the  kidney.    In  hydronephrosis  there  is 
.  often  an  enormous  increase  of  tl|e  fat  which  normally  surrounds  the 
Jcianey.    This  is  also  diflacult  to  account  for. 

The  infiltration  of  fat  into  the  liver,  which  we  meet  with  very 
frequently,  is  also  difficult  to  explain.  It  is  met  with,  in  the  first  place, 
in  persons  addicted  to  the  excessive  use  of  alcohol,  and  in  that  case  often 
goes  along  with  an  excess  of  fat  in  all  the  organs,  probably  due  to  the 
oxidation  of  the  fat  being  interfered  with  by  the  alcohol.    The  fat  in 
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these  cases,  is  often  very  fluid,  and  the  organs  have  a  greasy  appearance 
and  feeling.    But,  in  the  second  place,  fat  is  often  found  in  large  quan- 
tities in  the  liver  in  cases  where,  in  the  subcutaneous  tissue  or  elsewhere, 
there  is  an  actual  deficiency  of  it.    The  fat  in  the  Hver  is  in  the  peripheral 
parts  of  the  lobules,  and  from  this  it  is  to  be  inferred  that  it  has  been 
brought  by  the  portal  blood.    This  fatty  infiltration  occurs  frequently 
in  phthisis  pulmonalis,  and  in  other  cachectic  diseases.    Its  accumula- 
tion under  these  circumstances  may,  in  part,  be  accounted  for  by  sup- 
posing that  the  fat  which  is  normally  used  for  the  formation  of  the 
fatty  acids  and  the  cholestearine  of  the  bile  is  not  so  used  and  is  there- 
fore stored  in  the  hepatic  cells.    It  is  known  that  the  secretion  of  bile 
is  greatly  diminished  in  such  cases,  and  that  the  bile  is  watery.  In 
that  case  the  fatty  infiltration  here  would  be  like  that  in  muscle,  due 
to  diminished  activity  of  the  organ.    Another  view,  and  one  having 
some  appearance  of  probability,  is  based  on  the  theory  that  one  of  the 
functions  of  the  hver  is  to  prepare  fat  for  oxidation.  Naumann  (Reichert 
and  Du  Bois  Reymond's  Archiv,  1871,  p.  41)  has  shown  that  the  hver  fat 
is  much  more  oxidizable  than  ordinary  fat,  and  that  in  the  vertebrata  the 
size  of  the  liver  is  in  inverse  proportion  to  the  activity  of  the  respira- 
tion, being  largest  in  fishes  and  smallest  in  birds.     It  is  therefore 
suggested  that  in  phthisis  and  cachectic  diseases  the  liver  may  produce 
an^'excess  of  easily  oxidizable  fat  and  store  it  up  ready  for  use.  Hence, 
perhaps,  the  utility  of  liver  oils  in  cases  of  phthisis,  etc. 

We  have  seen  that  in  fatty  degeneration  the  fat  appears  in  the  form 
of  fine  granules  or  drops,  and  that  as  these  increase  they  remam  isolated 

In  fatty  infiltration  there  are,  ot 
course,  first  fine  fat  drops,  but  as 
more  fat  is  added  the  drops  grow  in 
size.    In  the  case  of  the  conversion 
of   connective   tissue  into  adipose 
tissue,  there  is  a  single  fat  drop  in 
each  cell,  as  in  Fig.  36.    In  the  case 
of  fatty  liver  the  fat  drops  are  of 
various  sizes  (see  Fig.  37),  but,  as  a 
rule,  much  larger  than  in  fatty  de- 
generation.  The  size  is  by  no  means 
an  absolute  criterion,  but  it  is  an  important  practical  indication.    It  is 
only  in  the  Hver  that  there  can  be  much  difficulty  m  distmguishmg 
between  fatty  degeneration  and  fatty  infiltration,  and  here  the  fact  that 


Fiff  37.— Fatty  infiltration  of  the  liver. 
Isolated  hepatic  cells  with  drops  of  fat  of 
various  sizes,    x  350. 
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in  the  latter  the  fat  is  deposited  at  first  in  the  cells  at  the  peripheral 
parts  of  the  lobules,  and  always  continues  more  abundant  there,  is 
sufficiently  distinctive. 

PIGMENTARY  INFILTRATION. 
In  studying  hemorrhage  we  have  already  seen  that  a  common 
result  of  the  extravasation  of  blood  is  the  pigmentation  of  the  tissues 
around.   This  pigmentation  may  be  brought  about  in  various  ways,  and 
is  of  various-  degrees  of  permanence.     In  the  first  place  the  blood 
colouring  matter  may  be  dissolved  out  of  the  corpuscles  and  stain  the 
tissues,  this  being  an  evanescent  pigmentation.    Then  the  dissolved 
colouring  matter  may  be  deposited  in  the  solid  form  after  a  time.  We 
may  thus  have  crystals  of  hgematin  in  the  form  of  obhque  rhombic 
pillars,  or  simply  amorphous  granules;  the  crystals  occur  mostly  in 
large  extravasations.    Lastly,  there  is  the  pigmentation  which  results 
from  the  cells  in  the  neighbourhood  of  the  hsemorrhage  taking  up  the 
red  corpuscles  and  becoming  pigmented  by  these.    Probably  much  of 
the  pigmentation  which  occurs  as  a  consequence  of  chronic  inflammation 
or  passive  hypersemia  is  due  to  this  last  process,  the  htemorrhage  here 
being  by  diapedesis.    Chronic  catarrhs  of  the  stomach  and  intestinal 
canal  are  often  distinguishable  after  death  by  the  slaty  colour  of  the 
mucous  membrane.    In  chronic  passive  hyperc^mia  of  the  lungs  from 
heart  disease  there  is  a  brown  pigmentation,  frequently  called  brown 
induration. 

The  pigmentation  occurring  in  tumours,  especially  cancers  and 
sarcomas,  is  often  regarded  as  due  to  minute  haemorrhages,  and  there 
are  many  facts  which  appear  at  least  to  connect  it  with  the  blood- 
vessels. GussenlKiuer  (Virchow's  ArcJm;  vol.  Ixiii.,  p.  322)  asserts  that 
in  melanotic  tumours  there  is  a  thrombosis  in  the  smaller  vessels,  and 
that  the  blood-colouring  matter  is  dissolved  out,  and  is  taken  up  by  the 
cells  of  the  tumours.  It  is  to  be  remarked  that  in  pigmented  tumours 
there  is  not  a  homogeneous  distribution  of  the  pigment,  but  the  majority 
ot  the  cells  are  unpigmented,  and  there  is  often  an  arrangement  sugges- 
tive of  local  foci  of  origin.  It  is  to  be  presumed  that  in  these  tumours 
tfiere  is  some  peculiarity  of  the  blood-vessels  which  allows  either  of 
ready  extravasation  or  thrombosis.  It  is  to  be  added,  however,  that  it 
IS  demed  by  some  that  the  pigment  in  tumours  is  derived  from  the 
blood  pigment,  chiefly  on  the  ground  that  it  does  not  contain  iron, 
i'lgment  is  to  be  found  in  thrombi,  and  in  the  case  of  veins  especialh- 
may  be  deposited  in  crystals  as  well  as  in  granules  (see  p.  31) 
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Pigmentation  of  THE  LUNGS  may  he  regarded  as  a  normal  condition, 
although  it  is  acquired  after  birth.  It  is  due  to  inhalation  of  particles 
of  dust  which  are  carried  into  the  lung  substance  by  amoeboid  cells,  and 
partly  remain  in  the  connective  tissue  of  the  lung,  and  partly  are 
carried  to  the  bronchial  glands.  Where  this  pigmentation  is  excessive, 
as  in  the  case  of  miners,  we  have  a  recognized  morbid  state  desig- 
nated Anthracosis.  Other  forms  of  pigmentation  occur  in  the  lungs 
from  the  inhalation  of  variously  coloured  stuffs  by  workers  exposed 
to  them. 

Icterus  is  a  yellow  staining  of  the  tissues  with  a  colouring  matter 
dissolved  in  the  blood  serum.  This  is  usually  the  biliary  colouring 
matter  absorbed  from  the  bile-ducts  after  its  secretion.  It  implies  an 
obstruction  to  the  ducts  in  some  part  of  their  course.  A  similar  stain- 
ing may  be  a  consequence  of  the  destruction  of  red  corpuscles,  their 
colouring  matter  becoming  dissolved  in  the  blood— the  so-called  hsema- 
togenous  icterus. 

The  BRONZE  COLOURATION  OF  THE  SKIN  in  Addison's  disease  is 
related  to  disease  of  the  supra-renal  capsules,  in  which  there  is  a  caseous 
condition,  a  local  tuberculosis.  The  solar  plexus  of  nerves  is  probably 
affected  along  with  the  capsules,  but  the  exact  pathology  of  the  con- 
dition is  not  understood. 

Lastly,  a  tissue  may  be  unduly  deep  in  colour  simply  from  atrophy 
of  the  other  constituents,  and  a  concentration  of  the  normal  pigment. 
Thus  when  emaciation  occurs,  and  the  fat  is  absorbed  from  the  subcu- 
taneous tissue,  this  often  assumes  an  unusually  dark  yellow  or  brown 
hue  An  emaciated  heart  presents  in  its  muscular  substance  a  very 
dark  colour  from  the  diminution  of  the  contractile  substance  and  con- 
centration of  the  pigment. 


MUCOUS  AND  COLLOID  DEGENEEATION. 
These  two  conditions  present  considerable  similarity,  and  in  individ- 
ual cases  it  is  often  difficult  to  say  which  of  them  is  actually  present^ 
They  are  characterized  by  the  abnormal  occurrence  in  the  tissues  of 
two  chemical  principles,  which  are  albuminates,  and  doubtless  anse  b> 
Lsformation  of  the  normal  tissue  albumen.    One  of  these  substance 
s  known  as  a  definite  chemical  principle,  and  is  named  mucm ;  h 
other  is  not  well  known  in  its  chemical  relations,  and  is  somewhat 
indefi^^^^^   named  colloid  material.    Both  have  the  peculiarity  that  m 
th  pre-nce  of  water  they  swell  up  and  acquire  a  gelatinous  consistence. 
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With  very  similar  physical  characters,  and  arising  under  somewhat 
similar  circumstances,  they  are  distinguished  by  their  difference  in 
chemical  reaction.  Mucin  forms  a  somewhat  membranous  j^recipitate 
with  acetic  acid,  and  its  solutions  are  also  rendered  turbid  by  alcohol 
and  chromic  acid.  Colloid  material  is  not  obviously  altered  by  these 
reagents. 

A  PHYSIOLOGICAL  TYPE  of  mucous  and  colloid  degeneration  is  afforded 
by  the  normal  secretion  of  mucus.  Here  it  is  known  that  the  epithelial 
cells,  whether  of  the  surface  of  the  mucous  membrane  or  in  the  proper 
glands,  become  converted  into  goblet  cells,  by  the  formation  of  mucus 
within  them.  The  mucus  is  secreted  by  the  rupture  or  disintegration 
of  these  cells,  and  the  discharge  of  the  material  which  has  swelled 
them  up. 

In  certain  pathological  conditions  this  secretion  of  mucus  is  exagger- 
ated, notably  in  the  catarrhs  of  mucous  membranes.  But  this  can 
hardly  be  regarded  as  a  proper  mucous  degeneration. 


Fig.  3S.-From  internal  surface  of  a  colloid  ovarian  cyst.    Tlie  lining  epithelium 
conS.  "Vm  superficial  parts  having  clearSspareS 

In  OVARIAN  TUMOURS  a  process  is  often  visible  which  closely 
resembles  the  secretion  of  mucus.  We  shall  see  afterwards  that  the 
larger  number  of  ovarian  tumours  originate  in  a  glandular  formation, 
and  m  this  gland  tissue  most  characteristic  goblet  cells  are  often  to  be 
seen  (see  Fig.  38),  the  gelatinous  contents  of  the  cysts  formed  being 
obviously  secreted  in  this  way.  But  then,  the  gelatinous  material  does 
not  usually  give  the  reaction  of  mucin  with  acetic  acid,  and  is  clearly  an 
albumen  of  a  diff"erent  kind,  whose  chemistry  is  not  well  known.  Hence 
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this  would  l)e  inchided  under  colloid  degeneration,  although  in  histo- 
logical details  resenil)ling  the  mucous  form. 

Again,  in  the  thyuoid  gland  there  are  often,  even  normally,  little 
gelatinous  particles  visible  on  dividing  the  gland,  and  in  the  commonest 
form  of  goitre  (colloid  goitre)  there  is  a  great  increase  of  this  clear 
gelatinous  material.  On  microscopic  examination  it  is  clear  that  the 
gelatinous  material  arises  by  transformation  of  the  epithelium  lining  the 
saccules  which  form  the  parenchyma  of  the  gland.  The  cells  swell  up 
and  become  filled  with  clear  gelatinous  material ;  by  the  discharge  of 
this  or  the  disintegration  of  the  cells  the  colloid  contents  of  the  saccules 
are  formed.    But  this  material  has  not  the  reactions  of  mucus. 

In  COLLOID  CANCERS  there  is  a  similar  transformation  of  the 
epithelium,  so  that  the  cellular  masses  are  transformed  into  colloid 
masses,  which  fill  the  spaces  in  the  stroma.  This  form  of  cancer 
is  most  frequent  in  the  stomach  and  large  intestine,  and  it  may  be 
thought  that  this  colloid  transformation,  so  closely  resembling  the  nor- 
mal secretion  of  mucus,  is  related  to  it,  as  the  cancer  takes  origin  in  the 
mucous  membrane.  But  colloid  cancer  occurs  also  in  the  mamma 
and  even  occasionally,  to  a  partial  extent,  in  epithelioma  of  the  skm. 

In  all  the  instances  given  hitherto,  the  mucous  or  colloid  degenera- 
tion has  affected  epithelial  cells.  But  a  mucous  transformation  some- 
times occurs  IN  THE  INTERCELLULAR  SUBSTANCE  of  connective  tissue, 
including  bone,  cartilage,  adipose  tissue.  The  intercellular  substance  is 
converted  into  a  gelatinous  material,  while  the  cells  remam  imaffected 
or  undergo  fatty  degeneration.  When  this  change  occurs  the  tissue  is 
softened,  and  this  will  produce  a  very  striking  result  in  the  case  of 
bone  and  cartilage.    In  these  tissues  it  mostly  takes  place  m  old 

w'e  shall  see  afterwards  that  there  is  a  form  of  TUMOUR  which 
is  characterized  by  the  fact  that  its  tissue  contains  niucm  m  its  m  er- 
cellular  substance.  This  is  not  a  case  of  mucous  degeneration,  but 
metimes  a  portion  of  a  tumour  of  a  different  kind  .all  acqmre  hese 
characters,  a^d  then  we  may  use  this  designation.  It  is  mostly  m  fatty 
tumours  and  sarcomas  that  this  occurs. 

CALCAREOUS  INFILTRATION. 
This  is  a  condition  of  very  frequent  occurrence,  and  therefore  desen-- 
ing  of  very  careful  attention.    By  the  designation  is  meant  the  deposi- 
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tion  of  lime-salts  in  abnormal  fashion  in  the  tissues.  The  lime-salts  are 
for  the  most  part  the  same  as  those  which  normally  take  part  in  the 
structure  of  bone,  namely  phosphate  and  carbonate  of  calcium. 

There  is  a  certain  proportion  of  the  salts  of  lime  existing  normally 
in  all  the  tissues  and  juices ;  these  all  leave  an  ash  on  burning,  and  lime- 
salts  form  part  of  this  ash.  But  the  hme-salts  here  are  dissolved  in  the 
juices,  or  form  combinations  with  the  albumen,  so  that  they  do  not 
appear  on  microscopic  examination.  In  calcareous  infiltration  there  is  a 
deposition  of  the  hme  in  the  form  of  insoluble  carbonate  and  phosphate, 
and  there  is  also  an  accumulation  of  these  insoluble  salts,  so  that  the 
ash  on  burning  the  tissues  is  greatly  increased.  There  is  a  precipitation 
of  the  hme,  and  as  hme-salts  in  solution  are  continually  being  brought  in 
along  with  the  fluids  of  the  tissue,  they  are  continually  precipitated 
and  thereby  fixed. 

In  considering  the  circumstances  which  induce  this  precipitation,  we 
encounter  what  Virchow  has  called  metastatic  calcification.  In 
some  cases  where  there  is  rapid  destruction  of  bone,  as  by  multiple 
caries,  or  by  cancer  or  sarcoma  advancing  on  bone,  there  has  been  found 
after  death  calcification  of  portions  of  the  lung  or  digestive  canal,  the 
lime  being  deposited  in  the  connective  tissue  in  such  a  way  as  sometimes 
to  make  the  tissue  almost  hke  pumice  stone.  In  several  of  the  cases 
disease  of  the  kidney  has  co-existed,  and  there  may  have  been  therefore 
some  interference  ^vith  the  due  excretion  of  the  absorbed  lime-salts.  In 
any  case  we  may  presume  that  the  deposit  is  related  to  excess  of  hme- 
salts  in  the  blood  and  fluids.  There  must,  however,  have  been  some 
cause  determining  the  locality  of  the  deposition,  in  the  lung  in  some 
cases,  in  the  intestinal  walls  in  others,  but  this  is  quite  obscure. 

Turning  to  other  cases  of  calcareous  infiltration,  we  find  that  wher- 
ever there  is  a  structure  which  has  lost  its  vitahty  and  yet  is  left  as  a 
kind  of  DEAD  AND  FOREIGN  BODY  in  the  midst  of  the  tissues,  there  is  apt 
to  be  deposition  of  hme  in  and  around  such  structure.  It  may  be  said 
that  obsolete  or  obsolescent  structures  are  liable  to  be  impregnated  with 
lime.  It  has  already  been  stated  that  Hme  is  present  in  all  the  fluids 
and  tissues  of  the  body,  and  in  the  fluids  it  is  probably  kept  in  solution 
by  the  presence  of  an  excess  of  carbonic  acid.  In  the  case  of  a  structure 
which  IS  obsolete  the  fluids  will  stagnate,  will  lie  about  in  it,  and  it  is 
not  remarkable  that  their  lime,  which  is  so  readily  precipitated  from 
solutions,  should  deposit.  As  the  fluid  is  renewed,  more  and  more  lime 
IS  deposited,  and  the  structure  may  finally  be  converted  into  a  stony 
mass 
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Tho  lime-salts  arc  deposited  in  the  first  instance  in  the  form  of  fine 
globular  granules,  either  in  the  protoplasm  of  cells  or  in  the  inter- 
cellular substance.  The  structure  is  as  if  dusted  with  refracting  gran- 
ules, and  the  appearances  in  many  respects  resemble  those  of  fatty 
degeneration.    (Fig.  39rt.)    As  the  salts  accumulate,  the  appearance  of 


4 


S-ranules  is  somewhat  lost  and  a  more  continuous  petrifaction  results. 
(Vis  m  )  The  addition  of  a  dilute  mineral  acid  causes  the  salts  to 
dissolve,  and,  as  carbonates  are  nearly  always  present,  solution  occm-s 

with  evolution  of  gas.  .      .    ,  -i^ 

Examples  of  this  process  are  very  numerous    A  minute  parasit 
the  tlhina  spiralis,  occurs  in  the  embryo  form  in  the  muscle  of  man  and 
In  mals    it  L  there  quiescent,  coiled  up  spirally  and  surrounded  by  a 
It  is  virtually  a  foreign  body,  and  the  capside  .  by  degrees 
impregnated  with  lime,  assuming  an  opaque  appearance  at P°l^s  (Fig- 
4o[    If  the  embryo  itself  dies,  it  also  may  become  ™P^'=g°^t'^f;;™'^ 
Ume  (see  Fig.  40,  lower  part).    Sometimes  an  ''fj;^^;;lJ2l'^: 
»nd  remains  inside  the  abdomen  as  a  foreign  body.    It  becomes 
"idtd  by  adhesions  and  partially  encapsuled.    The  capsule  and  s«^  - 
ficU  parts  of  the  foetus  become  through  time  encrusted  with  hui^ 
A     n  irinflammatory  exudation  in  the  pericardium  may  dry  in  and 
tmal;  Ts  a  S-caselus  material,  which  finally  becomes  impregnated 
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with  lime,  and  something  like  a  shell  may  form  around  the  heart.  In 
phthisis  pulmonalis,  if  healing  occurs,  the  contents  of  cavities  and  i)i- 


111  one  case  u 


flammatory  products  may  dry  in  and  become  smrounded  l>v  a  capsule 
Impregnation  with  lime  results,  leading  to  a  pultaceous  "or  mortary 
material,  which  may  ultimately  condense  into  a  stony  mass  These 
stony  masses  are  sometimes  coughed  up  if  the  lung  afterwards  breaks 
down,  but  It  ,s  very  common  to  meet  with  them  in  the  midst  of  cicatrices 
at  the  pices  of  the  lungs  after  death.  Again,  in  valvular  disease  of  the 
heart,  due  to  chronic  endocarditis,  the  new-formed  connective  tissue  by 

i~:;ts  z: ™' — ^ 

In  regard  to  the  frequent  deposition  of  lime-salts  IN  THE  middle 
COAT  OE  ARTERIES  (Fig  41)  there  seems  to  be  little  doubt  that  tUs 

tt^rual  "  /  f.  .™  ""'^  ™PPOse  that  the  induration  of  the 
mtemal  coat  affects  the  neighbouring  middle  coat.    This  calcareou! 

l^  JTom/fT"'  ,  But  there  ar'e 

markaWv  eT  ,   ™*  '°  ""'^  "'"^  P"'^™'-  ^^ere  there  is  a  re- 

tries   e"lTJ""°'";7"«"^*'™  -  th^t 

n*nes  aie  Uigely  converted  into  rigid  tubes.    In  these  cases  we 


130 


llliTllOGRADE  METAMORPHOSIS. 


may  presume  tluit,  from  some  unl<nown  cause,  the  middle  coat  is 
prematurely  defective  in  vitality. 


Fig  41.-Calcareous  infiltration  of  the  middle  coat  (i.)  of  an  artei  y-  At 
the  twe ring  borders  of  the  patch  the  elongated  shape  of  the  opaque 
Smctui^s  hidicates  that  the  muscular  flbre-cells  are  specially  affected. 
The  internal  coat  (c)  is  thickened,    x  00. 

In  the  cartilages  of  old  people,  especially  those  of  the  larynx  and 
ribs  there  is  very  commonly  a  deposition  of  lime  salts.  But,  m  thi^ 
case,  there  is  not  simply  a  calcareous  impregnation,  rather  a  true  ossih- 
cation  occurs,  and  the  process  may  be  regarded  as  ^artually  a  physio- 
looical  one,  a  late  development  of  bone  from  cartdage. 
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This  name  is  applied  to  a  condition  in  which  the  constituents 
the  tissues  are  converted  into  a  substance  whose  chemical  characters  a„ 
to  those  of  any  norma,  principle  in  the  body.   The  deg— 
is  also  called  WAXY  and  LARmcEOUB  from  the  physical  *ara  teis  of^^ 
substance  produced.     This  may  be  called  for  convenience  AMYLO  D 
:t™'and,  as  the  name  suggests,  it  was  originally  supposed  to  be 
Xltostlrch.'  It  has  really  no  chemi^l  f^^;^: 
nitrogenous  substance  and  a  modified  foim  o  alOiimen. 
starch  however,  in  respect  that  it  gives  a  colour  reaction  with  lodme^ 
m  n  a  olutio;  of  iole  in  water  *  is  poured  on  the  surface  of  an  or^n 
whi!h  presents  amyloid  degeneration,  then  the  amyloid  suhstanc  ak^ 
In  I  mlgany-re'l  colour.     If,  afterwards,  a  very  dilute  sulphuiu 

•     T  r  »  in  m-nins-  iodide  of  potassium,  20  grains ; 

.sufficient. 
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acid  be  added,  the  colour  will  sometimes  assume  a  darker  brown  or 
bluish  tint.  More  recently  it  has  been  found  that  amyloid  substance 
presents  a  j^eculiar  reaction  with  methyl  violet,  one  of  the  aniline  dyes. 
Watery  solutions  of  this  dye  colour  the  normal  tissues  blue,  but  stain 
amyloid  substance  of  a  rose-pink  colour.  Other  aniline  dyes  show 
differences  of  tint  with  amyloid  substance. 

The  substance  itself  has  a  peculiar  bright  translucent  glancing  ap- 
pearance (see  Fig.  42),  and,  as  the  structures  in  which  it  occurs  are 
enlarged,  they  are  often 
remarkably  prominent 
under  the  microscope. 
It  is  a  very  dense  heavy 
material,  and  after  death, 
at  least,  is  somewhat 
brittle,  so  that  the  struc- 
tures have  often  a  kind 
of  broken-uj)  appearance. 


Amyloid  disease 
may  affect  any  organ  of 
the  body,  but  it  is  par- 
ticularly frequent  in  the 
spleen,  liver,  kidneys,  in- 
testine, and  lymphatic 
glands. 


In  all  these  organs 


It  BEGINS  IN  THE  GON- 


tig.  42.— Advanced  amyloid  disease  of  the  liver     The  ar- 
rangement of  the  transparent  amyloid  material  sugtrests  its 
XTT,^  ,       formation  ni  the  capillaries.    The  round  bodies  at  the  neri- 

NECTIVE  TISSUE  or  the  Pho'/ilprts  of  lobules  are  fat  drops,  there  being  slight  K 
^^r,..  niftltration.    xTO.   (Thirrkelder.)  s  Kvi^iy 

WALLS  OF   THE   BLOOD-  f^n")^-! 

VESSELS,  nwre  especially  the  walls  of  the  capillaries  and  smaller 
artenes.  As  the  disease  is  a  progressive  one  and  the  amyloid  sub- 
stance accumulates  in  large  quantity,  it  is  important  to  observe 
the  condition  m  the  very  earhest  stages.  If  a  section  of  the  liver 
be  made  at  a  time  when  the  disease  is  not  far  advanced,  and  the 
sec  ion  after  staining  with  iodine  and  sulphuric  acid,  or  with  methyl 
violet,  be  examined  under  the  microscope,  it  will  be  seen  that,  besides 
the  smaller  artenes,  the  capillaries  are  the  seat  of  degeneration  (see  Fig 

ZL  '"^^"'"^  '^'^  translucent  and  the  calibre  encroached 

upon.  At  the  same  time  the  hepatic  cells  are  compressed  and  are 
^"idergomg  atrophy.    In  advanced  stages,  on  the  other  hand,  the  whole 
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Fig.  43.— Amyloid  disease  of  liver  in  early 
stage.  Tlie  walls  of  the  capillaries  swollen  and 
translucent,    x  3y0. 


tissue  of  the  liver  seems  to  be  replaced  by  the  amyloid  substance,  and 
it  is  difficult  to  say  in  what  structures  the  degeneration  has  originated, 

but  even  here  there  are  often,  as 


in  Fig.  42,  indications  of  its  origin 
in  the  capillaries.    In  the  spleen, 
as  we  shall  see  afterwards,  there 
are  two  forms  of  amyloid  disease, 
and  in  one  form  it  seems  to  Ijegin 
in  the  reticulum  of  the  Malpighian 
l)odies,  methyl  violet  or  iodine  re- 
vealing a  fine  network  having  an 
amyloid  reaction  in  these  bodies  in 
the  earliest  stage.     In  the  other 
form  it  affects  the  walls  of  the 
vascular  sinuses  of  the  pulp.  In 
the  kidney  it  is  chiefly  the  vessels 
that  are  affected,  but  the  basement 
membrane  of  the  uriniferous  tubules  is  also  sometimes  involved. 

It  would  seem,  therefore,  that  the  amyloid  substance  first  appears  in 
the  walls  of  the  vessels  and  in  the  connective  tissue  in  these  three  organs. 
It  remains  to  be  considered  whether  it  passes  beyond  these  to  the  other 
elements  of  the  organs.    In  the  case  of  the  liver  there  does  not  seem  to 
be  any  undoubted  evidence  that  it  does  so.    In  the  earlier  stages  it  i8 
found  in  the  vessels  alone,  and  in  the  later  stages  there  is  such  enlarge- 
ment and  contortion  that  the  seat  of  origin  is  somewhat  obscure.    In  the 
kidney,  also,  it  seems  to  confine  itself  to  the  vessels  and  connective 
tissue  of  the  organ.    In  the  spleen  it  does  not,  according  to  the  obser 
vations  of  the  author,  confine  itself  to  the  vessels  and  connective  tissu 
proper.    Even  in  very  early  stages  he  has  generally  found  that  here 
and  there  in  the  sago  spleen  the  round  cells  of  the  lymphoid  follicle 
are  aff^ected.    These  cells,  from  what  has  been  said  on  a  previous  occa 
sion,  may  be  regarded,  however,  as  belonging  to  the  connective  tissue. 
In  the  lymphatic  glands,  again,  it  is  the  blood-vessels  and  reticulum 
that  are  affected.    In  the  intestine  it  is  the  capillaries  and  arteries, 
and  to  a  less  extent  the  muscular  fibre  cells. 

From  this  it  will  appear  that  the  view  formerly  held,  according  to 
which  the  disease  might  attack  the  epithelial  cells  of  such  organs  as  h. 
liver  is  erroneous,  and  that  the  degeneration  is  confined  to  the  stiiu 
tures  constituting  the  supporting  frame-work  of  the  tissues,  includn^ 
the  vessels. 
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We  have  now  to  consider  the  effects  of  amyloid  DEaENERATiON. 
We  have  referred  to  the  brittleness  of  the  amyloid  substance,  but  it  is 
not  to  be  inferred  that  this  exists  to  any  considerable  extent  during 
life,  otherwise  we  should  have  frequent  hemorrhages  as  a  result  of 
amyloid  disease.  Haimorrhages  rarely  occur,  and  so  we  infer  that  the 
substance  is  tolerably  elastic  during  life.  In  examining  amyloid  organs 
after  death,  especially  such  organs  as  the  intestine,  great  care  should  be 
taken  in  handling  them  lest  destruction  of  the  amyloid  structures  should 
take  place. 

It  is  clear  from  symptoms  observed  during  life  that  the  amyloid 
substance  is  very  pervious  to  fluids,  the  prominent  symptom  of  amyloid 
disease  m  the  bowels  being  diarrhoea,  and  in  the  kidney  excessive  dis- 
charge of  watery  urine. 

It  has  already  been  said  that  the  calibre  of  vessels  is  reduced  when 
amyloid  disease  occurs  in  their  walls.  This  will  cause  anemia  in  the 
structures  supplied ;  and  atrophy,  sometimes  with  fatty  degeneration  is 
frequently  the  result.  This  we  see  in  the  kidney  and  in  the  liver  the 
atrophy  of  the  proper  secreting  substance  of  the  liver  being,  however 
to  a  great  extent,  the  direct  result  of  pressure  by  the  swollen  capil- 
lanes.  ^ 

The  amyloid  structures  are  greatly  increased  in  bulk  and  weight 
and  this  tells  0.1  the  organ  as  a  whole.  The  liver,  spleen,  and  kidneys 
are  often  greatly  enlarged,  and  they  present  a  peculiar  dense  trans- 
lucent appearance  which  has  given  rise  to  the  names  waxy  and  larda- 
ceous  disease  often  applied  to  amyloid  .legeneration. 

Besides  the  generally  diffused  amyloid  disease  occurring  in  a  number 
"f  organs,  and  present  in  every  part  of  the  individual  organs  affected,  we 
.^om  times  meet  with  a  localized  amyloid  degeneration  ihi! 
mostly  occurs  ,n  new-formed  inHammatory  tissue  and  cicatrices,  especi 
lly  when  0  syphilitic  origin,  and  also  in  tumours.  As  yet  thl 
local  amyloid  degeneration  has  only  been  observed  in  pathoWcI 
»  mctures  such  as  those  mentioned.    It  has  been  seen  irsyphriiti 
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it  is  clear  that  it  is  to  be  referred  primarily  to  an  alteration  in  thel)lo<><l, 
probably  an  impoverishment  of  it  in  albumen.    The  disease  is  not  an 
independent  one,  but  comes  on  in  certain  cachectic  states  due  to 
chronic  tubei-culosis,  syphilis,  diseases  of  bone  involving  prolonged  sup-  | 
i)uration,  chronic  dysentery,  chronic  albuminuria,  etc. 

It  is  more  difficult  to  determine  the  nature  of  the  connection  between 
the  vice  in  the  blood  and  the  disease  in  the  tissues.    By  some  it  is  sup- 
posed that  the  amyloid  substance  arises  in  the  blood  by  modific^ation  of 
the  albumen  and  is  then  infiltrated  into  the  structures.    But  this  view 
cannot  be  accepted,  for  various  reasons.    In  the  first  place  the  substance 
is  eminently  insoluble,  and  it  is  difficult  to  understand  how  it  can  be 
carried  ;  besides  this  it  does  not  displace  the  normal  stmctures  simply 
but  replaces  them,  these  structures  being  converted  into  the  amyloid 
substance.    It  is  more  consistent  to  suppose  that  the  tissues  are  reduced 
in  vitality  by  the  altered  condition  of  the  blood,  and  that  the  albumen 
received  enters  into  combination  with  the  protoplasm  in  such  a  way  as 
to  produce  this  peculiar  substance.    The  process  may  perhaps  be  com- 
pared to  the  coagulation  of  the  tissues,  which,  as  we  have  seen,  some- 
times occurs  whet  they  undergo  necrosis,  the  tissues  entenng  jpa^^^^^ 
into  a  chemical  union  with  the  fibrinogen  m  the  fluid  e-d  ^  fiom  the 
blood-vessels,  so  as  to  form  fibrine  or  some  -^^^-^J^^^^^^^ 
Amyloid  substance  has  been  often  regarded  as  akm  to  fi^rme  ^ 
fibTnous  casts  in  the  tubules  of  the  kidney  are  sometimes  conveited 
^d  substance.    The  existence  of  locaW  amy«  ^e^;^ 
strongly  confirmatory  of  some  such  view  as  this.      Here  abnorm 

weight  of  the  structures. 

w        .  .till  to  refer  to  bodies  occasionally  met  with,  and  desig- 

nations  of  Mood  we  so»et,™es™^^^^^^^^  .e.c.i«„. 
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l)lood  crystal.  Again  in  the  prostate  gland  (a)  we  meet  with  concre- 
tions of  considerable  size,  it  may  1)e  visil)le,  as  brown  granules,  to  the 
naked  eye,  \yith  all  the  charac- 
ters of  stratified  amyloid  concre- 
tions. They  are  also  met  with  in 
the  tissues  of  the  central  nervous 
system  (c),  they  are  present  in  the 
normal  brain,  especially  in  the 
ependyma  of  the  ventricles,  but 
in  cases  of  sclerosis  they  maj^ 
be  present  in  enormous  num. 
l)ers. 

The  significance  of  these  amy- 
loid bodies  is  not  usually  very 
great  in  a  directly  practical  point 
of  view,  but  their  presence  under 
these  various  conditions  seems  to 
prove  that  various  albuminous 
substances  may  undergo  conver- 
sion into  the  so-called  amyloid  substance 


Fig.  44.— Corpora  amylacea  :  «,  from  the  pro- 
state ;  b,  from  a  hajmon-hagic  infarction  of  the 
lung ;  c,  from  the  spinal  cord.    x^oo.  (Zieglkr.) 
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I.  HYPERTEOPHY. 

YPERTROPHY,  in  its  most  literal  sense,  means  overgrowth,  or 
excessive  growth,  and  it  is  so  that  we  shall  use  it  here.  In 
order  to  understand  overgrowth  it  will  be  necessary  to  make  some 
observations  on  the  characteristics  of  normal  growth. 

In  the  NORMAL  CxROWTH  of  the  body  each  tissue  has  the  power  of 
reproduction  up  to  a  certain  point.  By  some  hidden  power  the  tissue 
grows  and  moulds  itself  into  particular  anatomical  forms,  and  ceases 
growing  when  it  has  attained  the  proportions  necessary  for  its  function 
in  the  organism.  We  do  not  know  what  this  power  is,  but  we  can  say 
that  it  is  inherited  by  the  germ  from  its  parents,  and  that  in  the  varia- 
tions which  are  presented  in  different  individuals  heredity  plays  a  very 
important  part. 

In  order  to  this  growth  the  new-formation  of  blood-vessels  is  neces- 
sary, but  here,  as  in  pathological  conditions,  the  formation  of  vessels  is 
secondary,  and  takes  place  merely  according  to  the  needs  of  the  organ- 
ism The  amount  of  blood  supplied  and  its  distribution  strictly  follow 
the  necessities  of  the  growing  tissues,  and  the  vascular  system  shows  R 
wonderful  power  of  adaptation  to  the  requirements  of  the  tissues.  It  is 
true  as  we  shall  see  afterwards,  that  an  excessive  supply  of  blood  ma} 
lead' to  increased  growth,  but  such  an  excessive  supply  of  blood  never 
occurs  normally,  is  an  accident,  and  as  such  may  lead  to  morbid  or  ex- 
cessive growth. 

When  tissues  cease  to  grow,  it  is  not  that  the  formative  po^^el 
inherent  in  them  has  ceased  to  exist,  but  simply  that,  being  subordmate 
to  the  general  law  of  the  organism  they  have  attained  the  full  size 
requisite  for  their  intended  uses.     Should  occasion  occur  for  then 
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renewed  groAvth,  then  it  wiW  very  often  happen  that  a  fresh  start  will 
be  made. 

Looking  to  the  details  of  normal  growth,  we  find  that  it  is  the  cells 
which  are  the  essential  factors  in  the  process.  It  is  by  DIVISION  OF 
THE  CELLS,  a  process  frequently  designated  proliferation,  that  growth  is 
ultimately  effected.  Much  careful  observation  has  been  bestowed  on 
the  process  of  division  of  cells.  There  are  frequent  indications  that 
first  the  nucleus  and  afterwards  the  cell  separate  into  two.  Before 
the  actual  division  begins  the  nucleus  undergoes  a  transformation, 
the  details  of  which  may  be  studied  in  Fig.  45.    In  a  the  condition  of 


an  epithelial  cell  in  its  normal  quiescent  state  is  shown.  By  particular 
methods  of  staining  it  can  be  shown  that  the  nucleus  contains  a  fine  net- 
work of  fibres,  but  here  the  substance  of  the  nucleus  as  well  as  the  fibres 
IS  stamed.  In  h  the  condition  preliminary  to  division  is  shown  The 
nucleus  now  contains  a  collection  of  convoluted  tubes,  and  those  alone 
are  stained  while  the  substance  between  does  not  take  on  the  colour 
Ihese  fibres  are  apparently  contractile  and  vary  their  position  somewhat, 
but  gradually  tend  to  assume  a  radiating  arrangement  as  in  c  and  d 

of  fibi^s  retreat  from  one  another  towards  the  poles  of  the  cells  as  in/. 
Ihe  division  of  the  nucleus  is  thus  effected,  and  that  of  the  cell  follows 
as  m  g.    Subsequently  the  irregular  bundle  of  fibres  in  each  new  cell 
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assumes  the  shape  of  the  reguhir  nucleus  and  gets  surrounded  by  a 
meni))rane.  The  fibres  also  give  place  to  a  fine  network  as  in  the 
original  cell,  and  the  substance  of  the  nucleus  between  the  fibres  again 
takes  on  the  staining  as  in  i. 

This  process  of  division  has  been  observed  in  the  fixed  cells  of  many 
tissues,  and  it  is  probably  the  only  one  which  occurs  in  the  normal 
process  of  growth.  In  white  blood  corpuscles,  and  probably  also  in  the 
embryonic  cells  a  more  direct  division  of  the  nuclei  appears  to  occur, 
but  the  details  of  that  process  are  not  very  clear. 

Bearing  in  mind  the  facts  mentioned  as  to  normal  growth  we  have 
now  to  consider  the  processes  in  overgrowth  or  hypertrophy,  and  the 
conditions  under  which  it  occurs. 

The  simplest  form  of  hypertrophy  is  that  which  anses  from  the 
necessity  for  the  excessive  performance  of  a  normal  function. 
We  saw  that  growth  ceases  when  the  requirements  of  the  organism  are 
satisfied,  but  if  increased  requirements  develop,  then  the  tissues  may 
take  on  a  fresh  growth  to  meet  them.  This  is  illustrated  chiefly  by  the 
muscular  and  epidermic  tissues. 

Many  instances  of  HYPERTROPHY  OF  MUSCLE,  from  this  cause,  might 
be  cited.    If,  in  consequence  of  stricture  of  the  urethra  or  obstruction 
at  the  neck  of  the  bladder,  the  passage  of  urine  is  obstructed,  and  the 
muscular  coat  of  the  bladder  must  contract  with  more  vigour  to  expe 
the  urine,  the  muscle  will  undergo  hypertrophy.     In  this  way  there 
may  be  a  very  remarkable  thickening  of  the  muscular  coat.    In  ike 
Tanner,  we  m'a y  have  hypertrophy  of  the  muscular  coat  o^he  — 
in  connection  with  stricture  of  the  rectum  or  colon.    The  mu^nki 
tissue  of  the  heart  also  undergoes  an  exactly  similar  hypertrophy  when 
n  order  to  expel  the  blood  from  its  cavities,  more  forcible  contract  - 
are  requisite.    We  know  also  that  the  voluntary  muscles  hypertrophy 
when  they  are  repeatedly  exercised  in  a  forcible  way. 

In  all  these  cases  of  hypertrophy  of  muscle  it  is  usually  sa  d  tha 
frequent  exercise  is  the  cause,  but  this  is  hardly  a  full  ^^^^^^^^^ 
P^roumstances     The  exercise  must  not  only  be  frequent,  but  the 
trHo  ~  require  an  UNUSUALLY  FORCIBLE  EXER.IO.  In 

The  cases  already  cited  it  will  be  seen  that  the  essential  condition  is  the 
feces'  ty  or  additional  power,  usually  to  expel  the  contents  of  a  cavi. 
r  narrowed  orifice.    The  heart  does  not  hypertrophy  because 
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iigility  and  raiJitlity  of  movement  does  not  cause  hypertrophy  of  muscle, 
whereas  repeated  severe  exertion  calls  it  forth.  The  muscles  of  the 
hand  and  arm  do  not  hypertroj^hy  in  persons  who  use  them  frequently 
in  writing,  but  they  do  in  artizans  who  use  great  force  in  their  occupa- 
tions. It  may  be  added  that  a  muscular  action  which  is  ordinarily 
performed  with  moderate  force  may,  from  abnormal  conditions,  come  to 
be  performed  frequently  with  excessive  force,  and  so  lead  to  hyper- 
trophy. For  example,  the  urinary  bladder  may  be  induced  to  contract 
frequently  and  with  exaggerated  force,  although  there  is  no  obstruction, 
and  this  may  induce  hypertroph}''. 

A  question  arises  here  as  to  the  finer  details  of  the  hyper- 
trophy OF  MUSCLE.  In  the  case  of  involuntary  muscle  there  can  be 
no  doubt  that  the  hypertrophy  occurs  by  division  of  the  muscular  fibre 
cells  by  a  process  similar  to  that  already  described  in  referring  to 
normal  growth.  But  some  question  has  been  raised  as  to  the  exact 
nature  of  the  process  in  striated  muscle,  and  careful  measurements  have 
been  made  of  the  diameter  of  the  muscular  fibres  in  hypertrophy  of  the 
heart.  It  is  stated  by  some  that  the  diameter  is  increased  and  by 
others  that  it  is  not.  It  may  be  said,  however,  that  the  increase  in 
thickness,  if  it  occurs,  is  not  so  great  as  to  account  for  the  large  addi- 
tional bulk  of  the  muscular  substance  as  a  whole,  and  that  there 
is,  as  well,  a  numerical  increase  in  the  muscular  fibres  effected  by 
division. 

Enlargement  of  a  tissue  by  such  numerical  increase  has  been 
designated  by  Virchow  hyperplasia,  and  this  is  sometimes 
distinguished  from  true  hypertrophy  in  which  there  is  merely  an 
enlargement  of  the  elements  of  the  tissue.  This  distinction,  however, 
cannot  be  rigidly  carried  out,  and  the  term  hyperplasia  will  only  be 
used  here  in  order  to  indicate  that  the  hypertrophy  is  by  prolifera- 
tion. 


The  epidermis  is  the  other  tissue  which  frequently  shows  hyper- 
trophy when  the  necessities  of  the  organism  call  for  it.  The  function 
of  the  epidermis  is  chiefly  to  protect  the  true  skin  from  injury  by 
fnction  against  external  objects,  and,  in  its  primary  formation  in 
the  foetus,  the  epidermis  is  thicker  or  thinner  according  as  the  parts  of 
the  skin  are  liable  after  birth  to  be  exposed  to  greater  or  lesser  amounts 
of  friction.  But,  if  afterwards,  certain  porrions  of  the  skin  are  fre- 
quently exposed  to  friction,  then  an  additional  growth  will  occur  in  the 
epidermis,  a  hypertrophy.    We  have  abundant  instances  of  this  in  the 
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HORNY  HANDS  of  workmen.  The  thickening  of  the  epidermis  which 
results  in  the  so-called  CORNS  is  another  instance  of  hypertrophy,  in 
order  to  protect  a  portion  of  the  sensitive  skin  from  undue  friction  or 
pressure. 

In  regard  to  these  thickenings  it  is  to  be  pointed  out  that  they  only 
occur  when  the  friction  or  pressure  is  not  constant,  but  recurs  AT 
FREQUENT  INTERVALS.    A  constant  pressure,  as  by  a  splint  pressing  on 
a  part,  causes  atrophy,  whereas  a  frequently  repeated  pressure  results 
in  hypertrophy,  apparently  by  allowing  the  structures  to  recover  and 
afford  time  for  increased  nutrition.    The  same  law  applies  to  tissues  in 
the  interior  of  the  body.    When  exposed  to  constant  pressure  they 
atrophy ;  when  the  pressure  is  intermittent  they  hypertrophy.    It  is 
here  to  be  noted,  however,  that  pressure  from  within  (as  by  tumours, 
aneurisms,  etc.)  is  usually  constant,  while  that  from  without  is  mostly 
intermittent.    Hence  the  original  statement  of  John  Hunter  is  justi- 
fied, that  pressure  from  without  produces  thickening,  while  that  from 
within  causes  atrophy,  although  it  is  not  to  be  taken  Avithout  reser- 
vation. 

The  hypertrophy  of  the  epidermis  in  these  cases  is  undoubtedly 
effected  by  division  of  the  cells ;  it  is  a  hyperplasia,  and  the  process  is 
similar  to  that  already  described. 

Hypertrophy  from  Increased  Blood-supply. —In  what  has  been 
already  stated  we  have  not  exhausted  the  subject  of  hypertrophy,  and, 
in  order  to  appreciate  what  follows,  it  is  necessary  to  refer  again  to 
normal  growth.  It  was  observed  above  that  in  ordinary  growth  of 
tissue  the  blood-vessels  strictly  follow  the  growing  tissue,  and  are 
formed  according  to  its  needs.  But  if,  from  some  accidental  circum- 
stance or  by  artificial  interference,  the  blood  supply  be  greatly  mcreased, 
then  excessive  growth  may  result.  If  the  spur  of  the  cock  be  removed 
from  the  leg  and  successfully  transplanted  into  the  comb,  it  will  grow 
with  excessive  vigour,  forming  a  prominent  horn-like  structure.  Here 
the  excessive  supply  of  blood,  the  comb  having  a  much  more  active 
circulation  than  the  leg,  induces  an  excessive  growth  of  the  epidermis 

forming  the  spur. 

In  human  pathology  we  have  numerous  instances  of  hypertrophy 
analogous  to  this.  Increased  activity  of  the  circulation  mil  often  lead 
lo  hypertrophies.  We  see  it  in  the  neighbourhood  of  infl.4MMA- 
TIONS  We  have  already  seen  that  determination  of  blood  exists  outside 
the  immediately  inflamed  area,  and  if  this  is  prolonged  it  may  lead  to 
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overgrowth  of  the  tissues.  In  this  way  we  may  account  for  the  excessive 
growth  of  hair  sometimes  seen  in  the  neighbourhood  of  ulcers,  near 
diseased  joints,  and  at  the  ends  of  stumps  which 
have  remained  long  inflamed. 

A  very  striking  instance  of  hypertrophy  of 
this  kind  is  sometimes  afforded  in  bones.    In  the 
neighbourhood  of  inflamed  joints  the  surface  of 
the  bones  is  often  nodulated,  and  the  bones  greatly 
thickened  by  new-formation  from  the  periosteum. 
In  cases  of  periostitis,  the  new-formation  of  bone 
is  perhaps  more  strictly  to  be  regarded  as  a  part 
of  the  inflammatory  process,  as  we  shall  see  af- 
terwards.   There  are  some  curious  instances  of 
limited  necrosis  of  bone  occurring  during  the 
period  of  growth  in  which  the  bone,  as  a  whole, 
has  grow  larger  than  the  other.    If  a  boy  has 
a  necrosis  of  the  femur,  the  whole  bone  is  pro- 
bably more  richly  supplied  with  blood,  and  the 
normal  growth  is  accelerated.    The  necrosis  may 
be  recovered  from,  and  the  person  is  left  with  a 
permanently  elongated  femur  which  may  be  as 
much  as  two  inches  longer  than  the  other,  and 
may  lead  to  considerable  lameness.    The  tibia  is 
differently  situated  to  the  femur.     Its  two  ex- 
tremities are  tied  to  the  ends  of  the  fibula  by  firm 
ligaments,  and  so  the  bone  cannot  elongate.  If 


overgrowth  occurs  the  bone  must  curve  so  as  to 
accommodate  itself.    An  example  of  this  is  shown  ^P^^^^tS^^ 
m  the  accompanying  Fig.  46,  from  a  preparation  ^oS^'(pt5?.5  °' 

measured  over  its  curve,  was  two  mches  longer  than  the  healthy  one. 

II.  THE  REPAIR  OF  INJURIES  AND  RESTORATION  OF  LOST 

PARTS. 

"f  a  narf- it!  *  n    t   •        J ^      disease.    1  he  regeneration 

sue,  Imt  for  the  replacement  of  a  lost  part,  if  at  all  consider- 
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able,  there  must  be,  virtually,  a  renewal  of  the  process  of  develoi,- 

ment.  .  vi,. 

This  REPKODUCTION  o]?  LOST  PARTS  hi  their  entirety  occurs  readilj 

in  some  of  the  lowest  kokms  or  animals.  In  the  hydra,  if  the  creature 
he  cut  in  two,  each  half  will  .levelop  into  a  complete  animal  and  the 
process  may  he  repeated  indefinitely.  This  power  of  reproduction  of 
the  whole  animal  from  a  part  seems  confined  to  those  creatures  which 
can  propagate  by  spontaneous  fission  or  gemmation  When  we  conie 
Tanimals  higher  in  the  scale  the  power  of  reproduction  seems  to  be 
limited  to  the  restoration  of  lost  limbs,  antennas,  etc. 

Without  going  into  details,  which  will  be  found  by  reference  to 
Paget'     Lectured  on  Surgical  Pathology,"  it  may  be  said  that  there  are 
fnXa  ions  which  seem  to  show  that  there  is  some  Hnd  of  LAW  accord- 
n'  to  which  the  reparative  power  in  each  perfect  species  ,s  in  inverse 
rr-o^rLtothe  aluntof  change  which  the  animal  has  passed  t^^^^^ 
n  its  development  from  the  embryonic  to  the  perfect  state     It  is  as  . 
n   L  process  of  development,  the  formative  power  as  distinguished 
;:ormrre  growth  were  CrfreCwTof  t^I of 

developmen  ,  on  y  ^^^^      .^^^^^        p^^^^  „f 

httle  <l-^'''''f^J;^^''^;Z^..  is  hmited  to  those  species  which  have 
reproducing  "^^^^^^  ^  ,  comparatively  simple  and  direct 

re'of'tcir.  is 

J=^gely..hat. 

the  adult  state  at  least,  the  power  o  related  to  growth 

.small,  and  the  processes  ,  :  ^e  it  is  probable  that 

"!  "^^"^  :  S  tttr   St    arts  is  muL  greater  than  in  the  ..lult. 

'"h-ldren  are  bom  with  a  short  ar-nr  at  the  extremity  of  which  are 
Some  children  are     "  ^^^^  ;„  jhese  cases  ampii- 

S'^^ltmr^S  I  uU  and  an  attempt  at  restoration 

nftrlit  it  .-y^^aid  th.  — 

-o^s^t'corrtrrt^ 


THE  REPAIR  OF  INJURIES. 


143 


which  are  readily  reproduced,  and  we  may  also,  to  a  limited  extent, 
include  nerve  fibres,  which,  as  we  shall  see  afterwards,  are  sometimes 
restored. 

While,  therefore,  the  absolute  restoration  of  complete  and  consider- 
able portions  of  the  body  is  scarcely  possible  in  man,  yet  the  body 
is  by  no  means  unprovided  with  powers  by  which  injuries  are 
REPAIRED  and  loss  of  structures  is  made  good.  It  may  be  said  that  the 
higher  and  more  complex  animals  are  endowed  with  greater  ability  to 
protect  themselves  from  injury,  and  that  their  tissues  possess  the  neces- 
sary powers  of  restoration  in  the  case  of  those  injuries  to  which  they 
are  specially  liable.  In  the  various  processes  here  to  be  considered,  it 
Avill  be  seen  that  what  may  be  called  the  definite  intention  to  attain  a 
certain  result  which  is  shown  in  the  process  of  development,  is  dis- 
tinctly visible,  and  that  the  tissues  have  a  remarkable  power  of 
meeting  adverse  conditions. 

Healing  of  Wounds.— The  power  of  repair  is  well  seen  in  the 
various  processes  concerned  in  the  healing  of  wounds.    There  are  some 
wounds  which  heaKby  a  process  fitly  designated  immediate  union. 
That  is  to  say,  the  surfaces  are  brought  together  and  coalesce  without 
any  new-formed  material  being  produced  to  serve  as  a  bond  of  union. 
This  occurs  mostly  in  clean-cut  wounds,  which,  shortly  after  their  in- 
fliction, are  closed  so  as  to  bring  the  cut  surfaces  into  close  contact  It 
IS  necessary  for  this  process  that  all  inflammation  be  avoided  either  at 
the  time  of  infliction  of  the  wound  or  afterwards.    The  wound  should 
therefore  be  clean  cut  and  made  with  a  sharp  instrument.    We  are  to 
thmk  of  the  living  tissues  not  as  mere  mechanical  pieces  of  texture  but 
as  possessed,  by  virtue  of  their  vitality,  of  wonderful  powers  of  adlpta- 
bihty  to  circumstances.     When  two  living  surfaces  are  brought  into 
contact  and  all  disturbing  conditions  are  averted,  then  the  blood-vessels 
will  form  communications,  the  nerves  will  by  and  by  unite  and  become 
continuous  and  the  connective  tissue  coalesce.   In  this  way  it  frequently 
happens  that  a  wound  in  the  skin,  or  even  in  muscle,  unites,  and  no 
race  0  a  bond  of  union  or  even  of  the  line  of  union  can  be  found  after 
a  tew  days.    The  epidermis  probably  does  not  unite  so  directly,  and 
the  wound  is  covered  by  new-formed  epidermis 

pliciirkTnd    ?T  we  have  a  process  of  a  more  com- 

ElthP  -  P%«     part.    When  a  wound  is 

ea^s  o  ^^f*™ds,  frequently 

WtiL  of  tb      n  as  we  have  seen,  in 

the  coating  of  the  cut  surface  with  a  fibrinous  exudation,  the  so-called 
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glaze.    If  two  surfaces  thus  coated  with  fihrine  be  brought  in  contact 
they  unite,  the  fibrine  acting  as  a  gkie  or  cement.    But  the  fibrine  does 
not  form  a  permanent  bond  of  union,  and  if  no  attempt  is  made  to 
effect  union  by  other  methods,  then  the  wound  will  subsequently  gape 
by  the  breaking  down  of  the  fibrine.    In  order  to  effect  a  permanent 
union  we  must  have  formative  cells  produced,  such  as  we  saw,  when 
studying  inflammation,  to  be  necessary  for  the  formation  of  connective 
tissue  out  of  granulation  tissue,  and  we  must  have  a  similar  new-forma- 
tion of  blood-vessels.    The  new-formation  of  a  uniting  tissue  here  is 
very  trivial  in  amount ;  there  is  no  production  of  proper  granulation 
tissue,  but  merely  a  limited  production  of  formative  cells  which  replace 
the  thin  layer  of  fibrine,  and  a  budding  of  the  blood-vessels  till  com- 
munications are  formed  between  the  two  surfaces.    This  whole  process 
may  occupy  only  a  day  or  two,  and  the  permanent  new-formed  tissue 
forming  the  cicatrix  is  usually  very  small  in  amount.     This  form  of 
union  is  sometimes  spoken  of  as  union  by  the  first  intention,  but 
that  term  is  also  applied  sometimes,  but  not  correctly,  to  immediate 
union,  and  so  it  is,  perhaps,  better  to  use  the  term  primary  adhesion 
for  this  form. 

In  studying  inflammation  we  have  already  considered  the  method  of 
UNION  BY  THE  SECOND  INTENTION  which  occurs  when  two  granulating 
surfaces  come  in  contact. 

It  is  necessary  now  to  refer  more  particularly  to  the  processes  of 
REGENERATION  as  manifested  in  the  individual  tissues  of  the  body. 

In  the  first  place  we  may  regard  the  blood  as  a  tissue,  and  we  have 
already  seen  that  after  a  severe  haemorrhage  its  constituents  are  grad- 
ually regenerated,  the  fluid  part  most  quickly,  the  Avhite  corpuscles 
comparatively  soon,  and  the  red  corpuscles  somewhat  slowly. 

The  EPIDERMIS  and  epithelium  of  the  surface  of  the  skm  and 
mucous  membranes  are  restored  with  considerable  rapidity.     In  the 
case  of  the  skin  and  mucous  membranes  there  is  normally  a  continuous 
shedding  of  the  surface  epithelium,  and  a  new-formation  m  the  deeper 
layers  to  replace  that  which  is  lost,  a  kind  of  physiological  regeneration 
therefore.    When,  by  accident  or  otherwise,  a  superficial  portion  o 
ep'hlim  is  shed  before  its  time,  it  will  be  replaced  by  the  nomal 
growth  of  the  deeper  layers,  probably  accelerated  by  the  requirements 
o  the  body.    When  the  whole  thickness  of  the  epithelium  is  destro^^  d 
the  gap  is  by  degrees  filled  by  the  proliferation  of  the  epithehum  a  the 
edges  f  the  woimd,  as  we  have  already  seen  in  the  case  of  the  cicatn.a- 
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tion  of  a  granulating  wound.  According  to  the  observations  of  Klebs 
the  new-formed  epithehum  acquires  a  slight  power  of  amceboid  move- 
ment so  that  it  can  proceed  to  the  spot  which  it  is  to  occupy. 

The  proliferation  of  the  epithelium  proceeds  by  a  process  similar  to 
that  already  described  in  considering  the  normal  division  of  cells.  In 
the  accompanying  illustration  (Fig.  47)  from  a  paper  l)y  Eberth  (Vir- 


l.leted,v»„„„I,„,cle„',.   OO  Compl=£  diviS?>  rcei!  7e,S^^  O')  Con,- 

chow's  ^,*,,  67)  the  fibrous  transformation  of  the  nucleus  and  the 
other  changes,  as  seen  in  the  cornea  of  the  rahbit,  some  davs  -.f  er  ! 
port,on  of  the  epithelium  had  been  removed,  are  ^hown    In  th  nor' 
mal  cornea  there  are  traces  of  a  similar  process  by  which  we  may 
presume,  the  physiological  regeneration  occurs.  '^n.  may 

It  IS  here  of  interest  to  obsen'e  that  the  epidermic  cells  m,,-  1,„ 
-sported  from  the.r  original  seat  and  survive  and  P,'^!  Tt 
surface  of  a  wound,  even  m  another  individual.    It  is  well  known  th!t 
advantage  >s  taken  of  this  fact  in  the  process  of  ^.uZ  .'™°™ 

ft  »o';  r:l:l^^'"  -  --r-  ".embranema^heriante. 
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itself  to  its  new  ])osition  and  tlie  epithelium  acquires  a  structure  like  that 
in  its  neijfhbourhood. 

In  the  case  of  the  hairs  and  nails  we  have  normally  a  process  of  des- 
quamation and  regeneration  sinular  to  that  of  the  surface  epidermis.  If 
a  hair  he  prematurely  extracted  or  a  nail  torn  off,  it  is  restored  l^y 
u  strictly  normal  process.  But  if  the  hair  follicle  he  removed  or  the 
matrix  of  the  nail  destroyed,  there  is  no  restoration  of  the  structure,  the 
regeneration  of  such  complex  structures  being  beyond  the  powers  of  the 

ordinary  epidermis. 

In  some  glands  there  is  in  health  or  disease  a  desquamation  or 
<lestruction  of  the  epithelium.  Then  in  the  kidneys  there  is  a  form 
of  inflammation  in  which  the  epithelium  of  the  tubules  is  abundantly 
shed  In  this  case  it  is  restored  by  a  new-formation,  and  we  are  some- 
times able  to  observe  the  old  epithelium  in  the  lumen  of  the  tubules, 
while  the  small  young  epithelium  lines  them  In  the  liver  there  is 
great  destruction  of  the  secreting  cells  in  acute  yellow  atrophy,  and 
Sometimes  alongside  the  remains  of  the  cells  there  are  collections  of 
new-formed  cells,  as  if  an  attempt  were  being  made  at  renovation  of 

^^'The'regeneration  of  connective  tissue  has  been  sufficiently  illus- 
trated in  what  has  gone  before.    It  is  obvious  that  in  the  hea  ing 
of  wounds,  except  by  immediate  union,  there  is  a  new-formation  of  con 
nective  tissue  and  blood-vessels.    As  connective  tissue  seems  to  be  the 
simplest  form  of  tissue,  it  is  sometimes  used  to  fill  up  gaps  where  mor 
complex  tissues  have  been  lost.    Thus  a  wound  m  a  muscle  is  n 
reZred  by  the  formation  of  muscular  but  of  connective  tissue,  and  so 
is  it  with  wounds  of  the  liver,  spleen,  kidneys,  etc. 

tZ  regeneration  of  BONE  is  frequently  exemphfied  m  the  repair  of 
fractures     In  the  various  processes  observable  here  we  may  see  condi- 
oTanalogous  to  those  in  healing  by  primary  adhesion  and  by  the 

::::  ='t::X""X'  i;\rr=;;ci:  r:::: 

1  fi  cLble.  mder  certain  conditions,  of  prodncmg  new  bone.  n 
r   c  I  the';  is  more  considerable  inflammation,  it  may  be  w.th 

other  cases  tnere      uiuic  ormnlation  tissue, 
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hone,  cartilage  or  connective  tissue,  forming  the  callus  and  ultimately 
supplying  the  permanent  bond  of  union  between  the  broken  ends. 

It  has  recently  been  shown  by  the  observations  of  Dr.  Macewen  of 
Glasgow  that  bone  may  be  transplanted.  Pieces  of  bone  have  been 
taken  from  a  person,  and  used  to  fill  up  a  gap  in  a  bone,  and  they  have 
both  lived  and  grown  larger  in  their  new  position. 

Nerve-fibres  show  a  certain  power  of  new-formation  when  divided 
or  when  portions  are  excised.  When  a  nerve  is  thus  divided,  even  if  the 
■  two  ends  are  separated  for  some  distance,  there  is  often,  after  a  time,  a 
full  re-establishment  of  the  conduction.  It  appears  that  from  the  central 
end  pale  fibres  grow  out.  These  pass  to  the  peripheral  end,  and  con- 
stitute the  axis  cyhnders,  which  afterwards  acquire  medullary  sheaths 
and  so  become  complete  nerve-iibres.  In  this  way  a  considerable  length 
of  nerve  may  apparently  be  restored. 

There  is  another  form  of  regeneration  sometimes  described,  but  it  is 
of  a  more  doubtful  nature.  When  a  nerve  is  divided,  the  fibres  in  the 
peripheral  portion,  from  its  cut  end  downwards  to  its  ultimate  distribu- 
tion, show  a  pecuhar  change,  consisting  mainly  in  degeneration  of  the 
medullary  sheath.  It  is  doubtful  whether  the  axis  cylinder  takes  any 
part  m  this  process.  After  the  cut  ends  join,  the  nerve-fibres  are 
restored,  and  this  by  a  process  which  may  be  called  regeneration  of  the 
medullary  sheath. 

It  has  already  been  mentioned  that  when  a  muscle  is  wounded  the 
.^p  IS  filled  by  connective  tissue ;  there  is  no  proper  regeneration.  But 
there  may  be  loss  of  the  contractile  substance  by  degeneration,  as  in 
tatty  degeneration  of  the  heart.  When  such  a  process  is  intense  it 
seems  impossible  that  the  muscular  fibres  can  be  restored,  and  as  the 
heart  often  recovers  there  must  be  a  regeneration  of  the  contractile  sub- 
stance. But  m  this  case  there  is  not  a  destruction  of  the  muscular 
nuc  ei,  and  therefore  not  a  regeneration  of  the  muscidar  cell  as  a  whole 
n  the  case  of  unstriped  muscle  there  is  probably  also  an  occasional 
'legeneration  and  renewal  of  the  contractile  cells. 


INFECTIVE  TUMOURS  (GRANULATION  TISSUE 

TUMOURS). 


niHIS  class  of  tumours  is  taken  up  here  chiefly  because  they  show  in 
JL  their  structure  and  general  relations  considerable  analogies  to  in- 
flammation on  the  one  hand  and  tumours  proper  on  the  other.  As  indi- 
cated in  a  previous  part,  the  expression  infective  means  that  the  disease 
is  '  spreading;  that  it  depends  on  some  virus  which  propagates  itself ,  ami 
tends  to  reproduce  the  same  kind  of  lesion  outside  its  original  seat.  In 
Z  forms  of  disease  included  here,  the  exact  nature  of  the  ^-^^ 
made  out,  namely,  in  tuberculosis  and  leprosy  ^^^^^^J^ 
to  be  a  micro-organism  in  the  form  of  a  short  rod-shaped  bacillus.  It 
mav  n  rhls  be  kgitim^tely  inferred  that  in  all  the  rest  specific  organ - 
ZLetl infective  agents.  It  maybe  added  that  several  of  the. • 
~f  disease  are  not  only  infective  but  — '  o^^^^ 
that  is  to  say,  from  person  to  person;  some  are  capable  of  being  mocu 

.;.o.e  p—  that  t.e  i^'^'^J^^  ^^^^^^ 

'Z^Z^::^:^  J^rina  we        see  — 
t  r  '  SDeak  of  syphilitic  and  tuberculav  inHammafons.    But  the 
^  riesmuX  a  more  local  habitation,  and  concentratmg 
virus  also  "^"^   ^  „ives  rise  to  numerous  lesions,  having  mo,-e 

actron  on  l^f  ^'3^^;;^^^  Even  the  tumours  present  great  analo- 
or  less  the  character     "^ncture    Thev  are  formed  of  granulation 

z:^:TZ2::^ .    — -  ^  
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But  the  tissue  of  the  tumours  presents  certain  differences  from 
ordinary  granulation  tissue  chiefly  in  its  tendencies.  The  granulation 
cells  tend  to  undergo  fatty  degeneration,  and  so  the  tissue  may  become 
caseous  or  break  down.  At  the  same  time  there  is  the  more  normal 
tendency  to  undergo  development  into  connective  tissue,  and  this  may 
go  on  in  an  imperfect  way  alongside  the  other  change.  Hence  the 
tumours  frequently  present  great  varieties  in  structure,  and  it  is  some- 
times difficult  fully  to  unravel  their  relations. 


SYPHILIS. 

^  In  this  section  we  have  to  consider  the  general  relations  of  tliis 
disease.  In  what  has  gone  before  some  of  the  grounds  have  been  indi- 
cated for  stating  that  A  VIRUS  is  concerned  in  its  production.  In  addition 
the  following  may  lie  mentioned  ;  it  is  well  known  that  the  discharges 
from  a  syphilitic  person  are  contagious  ;  and  it  is  also  generally  believed 
that  in  the  secondary  stage  the  blood,  and  even  the  milk,  are  infectious. 
In  this  connection  it  is  to  be  remembered  that  an  attack  of  sjqihilis 
generally  confers  immunity  against  a  further  attack,  the  analogy  with 
the  specific  fevers  being  suggested  by  this. 


anni  u'"  °'  o"^™"''  "•''^  usually 

to  .s„„e  part  of  the  organs  of  generation.  It  may  be  ap,  i  d 
however,  to  son,  3  other  part,  as  to  the  finger  (in  the  case  of  a  i  !eo„ 
oxan,,n,„g  a  part),  to  the  hp  (as  in  the  case  from  which  48  s  In) 
to  the  eyehds  or  other  external  part.    The  result  is  the  rNDURATEB  or 
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PRIMARY  ('HAN(!RE.    This  coiisists  of  a  raised  hard  structure  generally 
with  an  ulcerated  surface.    Examined  microscopically,  it  is  found  that 
the  epidermal  covering  of  the  skin  is  not  necessarily  lost,  l)ut  that 
beneath  it,  and  in  the  central  part,  it  may  be  to  some  extent  replacing 
it  there  is  an  enormous  formation  of  granulation  tissue  (Fig.  48).  The 
true  skin  is  entirely  replaced  by  this  granulation  tissue,  and  instead  o 
it  there  is  a  bulky  mass  of  round  cells.    This  structure  may  be  regardec 
as  inflammatory,  but  it  may  also  be  regarded  as  a  kind  of  tumour,  an<l 
may  be  taken  as  the  type  of  the  syphilitic  tumour.    In  its  less  common 
seats  it  may  very  closely  resemble  another  form  of  tumour.    Thus  a 
chancre  of  the  lip  may  be  mistaken  for  an  epithelioma,  and  be  excised 
under  that  impression.    This  actually  occurred  in  the  case  from  which 
Fio-  48  was  taken.    The  tissue,  although  like  in  structure  to  granula- 
tions, does  not,  like  them,  readily  form  connective  tissue,  but  remams 
long  in  the  same  rudimentary  condition,  and  when  it  disappears  leaves 
comparatively  little  of  a  cicatrix.     On  the  other  hand  it  sometimes 
becomes  caseous,  but  this  does  not  so  readily  occur  here  as  m  some  other 

^''^he  virus  is  carried  from  the  indurated  chancre  by  the  lymphatics, 
and  in  the  first  place  lodges  and  is  caught  in  the  neighboimng 
LYMPHATIC  GLANDS,  where  it  again  produces  simi  ar  results  naniel, 
.reat  production  of  ill-formed  granulation  tissue  which  has  little  tend- 
Icy  to  develop  into  proper  connective  tissue,  but  readdy  undergoes  an 
irregular  easel  metLorphosis,  and  occasionally  takes  on  the  phage- 
dsenic  character. 


After  an  interval  the  virus  PASSES  INTO  THE  blood.     There  . 
„eno   wh  eh  may  he  regarded  as  a  period  of  incuhat^on.  or  selt-propu- 
Son  of  tL  .il  hetween  its  first  introduetion  into  the  system  and  th. 
ev  denee,  of  its  presence  in  the  hlood-the  virus  seems  to  take  a  eerta, 
;^e  o^e  roduL  itself  in  quantity,  and  it  generaUy  ^o-  so  eh.efly 

ISeal  lesions  of  the  skin,  mueous  memhranes,  hones,  etc. 
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These  secondary  lesions  are  infiammatory  in  character,  and  have 
generally  a  resemblance  to  ordinary  inflammations.  They  are  most 
frequent  in  the  skin,  and  so  we  have  the  syphilitic  roseola,  eczema,  etc., 
hut  other  parts  may  he  affected,  and  we  have  syphilitic  periostitis, 
pharyngitis,  etc.  It  is  a  question  to  what  extent  inflammations  occur 
in  internal  organs  in  this  stage,  but  according  to  Hutchinson  they  are 
more  frequent  than  is  generally  supposed,  but  are  rarely  seen  because 
persons  seldom  die  in  the  secondary  stage. 

The  secondary  stage  has  been  aptly  compared  with  the  eruptive  stage 
of  specific  fevers,  it  is  like  a  fever  long  drawn  out.  There  is  in  both 
cases  a  virus  in  the  blood,  and  in  syphilis,  as  well  as  in  the  acute  fevers, 
there  is  generally  elevation  of  temperature.  The  analogy  between  the 
rash  of  secondary  syphilis  and  those  of  measles,  scarlet  fever,  small-pox, 
etc.,  is  also  suggestive,  the  skin  aff"ections  in  both  classes  of  cases  being- 
inflammatory. 

During  this  stage  then  the  virus  is  active  in  the  blood,  and  it  is 
generally  held  that  the  blood  and  secretions  are  contagious.  The 
person  is  also  in  the  position  of  transmitting  the  disease  to  his  offspring, 
the  virus  apparently  passing  into  the  germ  and  sperm  cells.  Just  as  in 
the  specific  fevers,  the  virus  dies  out  of  the  blood  spontaneously,  and 
the  various  secondary  lesions  disappear.  When  the  virus  is  no  longer 
m  the  blood  this  fluid  will  cease  to  be  contagious  and  the  disease  wilfno 
longer  be  transmissible  to  the  oft-spring.  But  it  is  not  to  be  inferred 
that  the  disappearance  of  the  secondary  lesions  is  absolute  proof  of  the 
virus  having  died  out  of  the  blood,  and  it  would  not  be  safe  to  advise  a 
patient  that  he  could  safely  marry  till  at  least  two  years  after  the  sub- 
sidence of  all  secondary  symptoms. 

In  this  secondary  stage  it  is  not  common  to  meet  with  tumours  like 
the  indurated  chancre.    They  are  characteristic  rather  of  the  next  sta-e 
and  when  they  do  occur  in  this  stage  they  are  small  and  accompanfed 
by  more  pronounced  inflammatory  manifestations. 

The  TERTIARY  STAOE  is  chiefly  characterized  by  the  formation  of 
tumours  to  which  the  name  Gummata  is  applied.  They  are  composed 
similarly  to  the  indurated  chancre,  namely  of  granulation  tissue  in  the  first 
instance,  but  in  them  this  tissue  has  a  much  greater  tendency  to  undergo 
caseous  necrosis,  although  the  transformation  into  connective  tissue  aSo 
occurs.  Hence  it  happens  that  the  gumma  of  the  tertiary  stage  is  very 
coirmionly  more  or  less  caseous  in  certain  of  its  parts 

To  the  naked  eye  the  tumour  is  a  whitish  or  greyish  body,  commonly 
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witli  a  yellow  caseous  appearance  in  its  central  parts,  or  irregularly  <lis- 
tri])ntetl.  It  varies  in  size,  sometimes  as  small  as  a  millet  seed,  in  which 
case  it  is  usually  multiple,  l)ut  it  is  usually  much  larger,  and  may  attain 
the  size  of  an  apple.  The  tumour  is  not  generally  sharply  defined  from 
neighhouring  structures,  but  its  periphery  merges  in  a  firm  connective 
tissue  which  usually  extends  outwards  into  neighbouring  structures, 
so  that  the  tiunour  appears  planted  in  the  midst  of  a  cicatricial  mass. 

Under  the  microscope 
the  tumour  will  be  found, 
as  in  Figs.  49  and  50,  to 
replace  a  certain  portion  of 
the  normal  tissue.  The 
central  caseous  part  will  be 
opaque  as  in  c,  Fig.  50. 
Externally  there  is  more 
transparent  tissue  (b),  while 
around  and  in  neighboiuing 
parts  of  the  organ  there  is 
new-formed  connective  tis- 
sue, as  at  d  in  the  figure. 

In  Fig.  51  the  appear- 
ances seen  under  a  higher 

Fi^  49.-  Gumma  of  Kidney.  The  opaque  eentral  part  pOWer  are  shoWU,  the  parts 
(,Ois°caseon.s  ;  around  this  there  i.s  fibrou.s  and  granulation  .  -.  Keinc  froni  b  and  C 
tissue  (c).    x20.    (Cornil  ASD  Ranvier.)  Lais^eu  u  ^ 

in  Fig.  50.  It  is  seen  that 
the  peripheral  portions  (Fig.  51  a)  of  the  tumour  present  innumer- 
able round  cells  mixed  with  fibrous  tissue,  which  latter  is  often  very 
pronounced.  The  caseous  parts  are  opaque  and  present  fine  fat  granules 
with  shrunken  cells  and  nuclei  (Fig.  51  6).  .        i  j 

The  tumours  are  met  with  in  almost  all  the  tissues  of  the  body 
.skin   mucous  membranes,  subcutaneous  tissue,  in  the  substance  ot 
muscles  (as  in  the  tongue),  periosteum,  liver,  dura  mater,  soft  membranes 
of  the  brain,  cerebral  nerves,  etc.    The  name  gumma  does  r^ot^^Vress 
their  usual  consistence,  and  is  stated  to  have  been  first  apphed  to  the 

periosteal  form.  v     +^  fi.^ 

The  caseous  metamorphosis  leads  to  various  results,  according  to  the 
situation  and  circumstances  of  the  gumma.  If  the  tumours  have  a 
superficial  situation,  then  ulceration  results,  and  we  have  a  deep  exca- 
vated ulcer  with  swollen  infiltrated  walls,  consisting  of  tissue  like  that 
of  the  .^umma,  and  with  the  same  tendency  to  degeneration,  so  that  the 


■SYPHILIS.  153 


154 


INKKCTIVE  TUMUUIJS. 


ulceration  extends.  As  the  tumour  involves  neighbouring  structures 
v^rhich  undergo  necrosis  along  with  the  caseous  process  in  the  tumour, 
there  may  be  great  destruction  of  tissue  brought  about.  In  internal 
organs  the  caseous  material  may  long  lie  apparently  unaltered.  The 
gumma  nuiy  be  virtually  healed,  its  gramilation  tissue  al)sorbed  or  con- 
verted into  connective  tissue,  while  the  caseous  matter  remams,  and  is 
finally  left  in  the  midst  of  a  cicatrix  where  it  may  become  calcified. 

It  appears  that  the  absorption  of  a  gumma  may  be  promoted  by 
the  administration  of  remedies.  The  exact  process  by  which  this  is 
brought  about  is  hardly  known,  but  there  seems  to  be  a  simple  fatty 
degeneration  with  absorption,  in  the  way  indicated  in  the  section  on 

fatty  degeneration. 

We  have  still  to  inquire  what  may  be  the  relation  of  these  tertiary 
lesions  to  the  virus.-  The  virus  no  longer  exists  in  the  blood,  and  in 
accordance  with  this  the  lesions  are  characteristically  unsymmetrical. 
The  most  probable  supposition  is  that,  after  the  close  of  the  secondary 
stage  some  of  the  virus  has  remained  lying  in  a  particular  part.  Fer- 
ha;  a  small  gumma  has  formed,  and  the  virus  has  lam  m  i  quiescent 
but  still  surviving.    It  may  be  waked  up  by  some  — — 
stance  in  the  life  of  the  patient,  at  any  period  ^-^^^^^J^  ^ 
lone,  as  twenty  years.    The  virus  propagates  itself,  but  -its  effects  a  e 
local.    It  ma/produce  a  tumour  of  large  size,  but  it  does  not  pass  into 
the  blood,  and  does  not  produce  the  lesions  of  the  secondary  st^g  • 
has  been  matter  of  dispute  whether  a  tertiary  gumma  is  an  infectious 
"nd  the  fact  that  the  blood  of  the  patient  does  not  becom^.n^ 
fected  might  seem  to  answer  the  question  m  the  negative._   It  is  to  be 
remembered,  however,  that  the  person  already  possesses  -^—^ 
having  passed  through  the  secondary  stage.    The  gumma  is  piobabl 
r-nn-ible  of  nroduciug  syphilis  in  another  person. 
1h     X-  stage'of  syphilis  is  often  in  its  Ute,-  l-nod  -o.ate 
-.1  .«v,nTTi  msEASE    This  is  not  from  the  direct  action  of  the  Mru 
is  dL  :  thTcond^tion  of  the  hlood  induced  by  the  serious  orga 


lesions. 


Svohili.  is  often  associated  with  a  CONDITION  OK  THE  ARIKRI^^ 
wi   come  up  for  discussion  farther  on.    Wherever  there  is,  as  so 
7   tntW  hlens  a  considerable  formation  of  granulation  tissue  passing 
frequently  happens,  a  CO  inflammation,  and 

"*V°™"'::artoteni:ro^^  tL  internal  coat,  sometimes  going  on 

caUhre  of  the  vess..    This  is  somcmes 
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very  strikingly  seen  in  the  neighbourhood  of  gummata,  and  by  diminishing 
the  blood  supply,  it  may  contribute  to  the  degeneration  of  the  gumma. 
It  also  predisposes  to  degenerations  in  parts  around,  as  where  soften- 
ing of  the  brain  occurs  in  connection  with  gummata. 

Hereditary  Syphilis.— We  have  already  seen  that  syphilis,  in  the 
secondary  stage  at  least,  may  be  transmitted  to  the  offspring.  In  the 
acute  period  the  children  often  die  in  utero,  or  they  sicken  soon  after 
birth  and  die  within  a  few  weeks.  But  it  often  happens  that  the  child- 
I'en  do  not  show  any  evidence  of  syphilis  for  months  or  years.  In  this 
way  we  may  distinguish  cases  of  congenital  syphilis  from  cases  of 
simple  hereditary  syphilis,  the  former  being  born  with  syphilitic  lesions, 
the  latter  only  acquiring  them  afterwards. 

In  CONGENITAL  SYPHILIS  the  most  constant  and  unequivocal  lesion  is 
the  affection  of  the  bones,  which  will  be  considered  afterwards.  In  this 
condition  there  is  the  formation  of  a  kind  of  gummatous  tissue  appar- 
ently, with  infiammatorv  conditions. 

In  the  simple  hereditary  cases  the  lesions  are,  like  those  of  the 
secondary  stage,  mainly  inflammatory.  There  are  inflammations  of  the 
skin,  mucous  membranes,  cornea,  etc.  The  characteristic  malformation 
of  the  teeth  which  Hutchinson  has  pointed  out  seems  related  to  the 
mfiammation  of  the  mucous  membrane  of  the  gums  during  the  develop- 
ment of  the  teeth. 


TUBEECLE  AND  TUBERCULOSIS. 

We  enter  here  on  a  somewhat  debateable  department  of  Pathology, 
but  the  investigations  of  experimental  pathology  have  recently  given  L 
firmer  basis  to  our  knowledge  of  the  subject. 

General  Tuberculosis.— We  have  already  seen  in  the  case  of 
syphilis  that  in  the  secondary  stage  there  is  a  virus  in  the  blood  which 
produces  secondary  lesions  in  diverse  organs.  This  secondary  stage  of 
syphihs  has  been  sometimes  compared  to  a  long  drawn-out  fever,  and 
we  saw  that  the  symmetrical  character  of  the  lesions  was  to  be  regarded 
as  presumptive  evidence  that  the  virus  is  in  the  blood 

Now  in  acute  MILIARY  TUBERCULOSIS  We  have  a  condition  in  which 
lesions  appear  m  diverse  organs  and  occur  symmetrically,  and  it  maybe 
well  to  begin  our  study  of  tuberculosis  with  this  disease.  We  have  in 
It  an  undoubted  tuberculosis,  and  the  principles  which  we  are  able 
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to  establisli  in  regard  to  this  disease  will  afford  us  a  criterion  hy  which 
we  may  judge  of  the  nature  of  other  processes  more  doubtfully  or  less 
purely  tubercular.    The  disease  much  more  closely  resembles  an  acute 
fever  than  secondary  syphilis  does,  and  is  often  mistaken  for  typhoid 
fever.    In  the  course  of  a  few  weeks  there  spring  up  in  the  lungs, 
kidneys,  liver,  lymphatic  glands,  and  frecpiently  also  in  the  soft  mem- 
branes of  the  brain,  substance  of  the  heart,  spleen,  and  elsewhere,  a 
multitude  of  small  lesions  whose  structure  will  be  described  presently. 
In  the  case  of  bilateral  organs,  such  as  the  kidneys,  the  little  lesions  are 
scattered  through  both,  and  are  present  in  all  parts  of  each  organ. 
Looking  at  a  case   of  acute  miliary   tuberculosis,   the  conclusion 
can  hardly  be  avoided  that  there  is  here  a  virus  which  has  been 
circulating  in  the. blood  and  sown  wherever  the  blood  has  reached, 
although  producing  its  effects  only  in  organs  affording  a  fitting  nidus 
for  it. 

It  may  be  well  here  at  the  outset  to  inquire  what  is  the  structuee 
of  these  multitudinous  lesions,  each  of  which  is  a  MILIARY  TUBERCLE. 
They  present  certain  differences  in  their  various  situations,  but  there 
are  certain  points  of  agreement  in  all.    If  we  take  a  very  recent  case 


Fig.  52.-  Miliarj- tubercles  in  lung.    The  opaque  centnol  parts  are  caseous.  xlC 


and  examine  the  lung,  we  shall  find  an  immense  number  of  minute 
;"arly  globular  bodies  (Fig.  52),  occupying  the  stroma  of  the  lung,  and 


TUBERCLE  AND  TUBERCULOSIS. 


157 


very  often  either  involving  a  blood-vessel  or  immediately  bordering  on 
one.  These  bodies  are  the  tubercles,  and  whether  in  the  lung  or  else- 
Avhere  they  present  a  structure  which  is  virtually  identical  in  every 
l)art.    Fig.  53  shows  a  very  small  tul^ercle  from  a  lymphatic  gland,  con- 


fig.  5.M.— Tubercle  in  ii  In-cmchial  gluiid.  x;ioO. 


..derably  magnified.  It  is  seen  to  be  a  .lefine.l  roundish  l,ody,  present- 
ing at  Its  peripheral  parts  numbers  of  round  cells  like  leucocytes  •  nearer 
the  centre  rather  larger  cells,  like  the  formative  cells  of  granulation 
tissue,  and  often  called  epithelioid  cells ;  and  iu  its  more  centrd  parts  » 
or  more  gigantic  cells  having  numerous  nuclei,  the  so-called  gilnt-celh 
These  vanous  structures  are  not  to  be  distinguishe.l  in  every  one  of  the 
tubercles,  as  it  depends  on  the  section  whether  their  Ltral  pa 

:;:i,tt:re'       "^'"^ -^-^^ 

We  can  hardly  avoid  calling  these  little  bodies  tumours  and  to 

meltrfnefoft?",*'''  """^-vessels  is  often  very  well  seen  if  the  soft. 

^ries  o  the  T  ■"™'^''''-    ^"       '^>™"«'"'  °f  *e  fine 

arteries  of  the  pia  muter,  there  will  be  found  aggregations  of  cells,  form- 
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ing  sometimes,  as  in  Fig.  54,  a  prominence  on  the  wall,  or,  if  the  vessel 
be  small,  a  spindle-shaped  sheath  around  it. 


.„4o^i<o  0,10  roob  Op'i  o  ^OV 


Fig.  54.-Tubercle  on  ai-tery  of  pia mater.  x300. 

The  cells  constituting  the  tubercles  are  prone  to  undergo  CASEOUS 
NECROSIS  so  that,  as  in  Fig.  52,  the  central  parts  are  often  -^^A^'lj; 
Ll  the  structure  completely  obscured.  The  giant-cells  are  often  dot  ed 
trith  fine  fat  granules  and  fatty  degeneration  frequently  overtakes  the 
Jr  Lr  part  of  the  tubercle.  It  should  be  added  that  very  frequently 
whTappears  to  the  naked  eye  to  be  a  single  tubercle  often  turns  out, 
Ider  the  microscope,  to  be  a  group  of  two  or  more,  and  even  when 

lot;  eSly  coalesced  this  may  still  be  -^-'^^^'V  t\;T;ZC' 
lornhosis  having  two  or  more  distinct  centres  jomed  at  the  penpheij. 
Ctris  contain  no  blood-vessels,  and  this  may  partly  exp.an, 
their  proneness  to  caseous  ""f  ^""^l^os^s.  ^^^^^^^^^^ 
We  have  hitherto  referred  only  to  the  o.u.eous  cnai  „ 
;  >  ,  b.,«  to  be  added  that  they  are  liable  also  to  a  change 
undergo,  but  it  ha  We  have  already  seen 

which  may  be  called  riBEOUS  TIW^^  new-formation,  in 

that  tubercles  contain  the  «^      —  of^nulation  tissue, 
their  details  having  ^1  "™^te  co^  ^ 
except  the  blood-vesss.^^T^^^^^^^  ^^^^^^ 

'::r^Z^;^^<^  tbis  occ.  the  in..mmat«ry  product. 
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around  commonly  undergo  similar  changes,  making,  as  a  rule,  conmion 
cause  with  the  tubercles  whether  the  change  he  caseous  or  fibrous. 
This  form  is  less  common  than  the  caseous,  and  its  occurrence  is  prob- 
ably determined  by  peculiarities  of  the  constitution  or  circumstances  of 
the  individual. 

Connection  of  Tuberculosis  and  Inflammation. — In  the  above 
remarks  the  structure  of  the  typical  tubercle  has  been  described,  but  it 
is  not  common  to  meet  with  tubercles  entirely  free  from  inflammatory 
complication,  although  cases  of  acute  miliary  tuberculosis  do  occur  in 
children  in  which  the  tubercles  are  virtually  pure.    In  the  great  majority 
of  cases,   however,   there   are   evidences    of   inflammation  around 
them.    In  the  case  of  the  lung,  for  instance,  the  alveoli  immediately 
bordering  on  the  tubercle  are  filled  with  large  cells,  the  products  of 
catarrhal  infiamraation,  and  the  walls  of  the  alveoli  are  infiltrated 
with  round  cells.    These  infiammatory  products  frequently  make  the 
tubercles  appear  to  the  naked  eye  much  larger  than  they  really  are— 
the  tubercle  and  inflamed  lung  tissue  making  a  common  mass.  Through- 
out the  lung  also,  and  away  from  the  immediate  vicinity  of  the  tubercfes, 
there  are  often  evidences  of  inflammation  in  the  form  of  serous  exuda- 
tion and  catarrhal  cells  in  the  alveoli.    In  the  pia  mater  the  inflamma- 
tory products  are  so  abundant  that  they  give  their  character  to  the 
disease  called  tubercular  meningitis,  and  by  their  presence  obscure 
the  actual  tubercles,  which  are  often  difficult  to  see. 

The  inflammations  which  are  of  nearly  constant  occurrence  in 
connection  with  tubercles  may  be  accounted  for  in  various  ways  They 
may  be  due  directly  to  the  action  of  the  virus,  or  to  an'  irritation 
springing  from  the  mere  presence  of  the  tubercles  acting  as  forei-n 
bodies.  Looking  to  the  case  of  syphilis  where  we  have  the  virus  pro- 
ducing both  inflammations  and  gummata,  the  presumption  is  that  both 
tubercles  and  inflammation  are  to  be  traced  to  the  virus.  The  tubercles 
themselves,  in  their  structure,  present,  as  we  have  seen,  close  analogies 
to  inflammatory  products,  and  to  syphilitic  gummata.  We  have  the 
same  round  and  epithelioid  cells.  And  even  the  giant  cells  are  met 
mth  m  luxuriant  granulations.  The  new-formed  cells  in  tubercles 
again  are  prone  to  degeneration  just  as  those  in  gummata.  The 

bemg,  as  a  rule,  just  visible  to  the  naked  eye;  and  in  the  regularity  of 
W  structure  which,  with  great  uniformity,  agrees  with  the  description 
given  above.    It  is  interesting  that  in  both  these  diseases  there  is  such 
tendency  to  inflammatory  formations,  and  to  the   production  of 
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tumours,  which  in  thcii-  structure  show  such  analogies  to  inflam- 
mation. 

Local  Tuberculosis. — We  have  seen  that  in  acute  niihary  tulx.M' 
culosis  there  is  something  analogous  to  the  secondary  stage  of  syphili.s 
in  which  a  virus  exists  in  the  blood,  and  we  have  now  to  in(^uire 
whether  there  is  anything  analogous  to  the  tertiary  stage  in  which  the 
virus  is  localized,  and  the  lesions  are  unsyrametrical.  Doulitless 
tubercles,  like  gumniata,  may  become  obsolete,  and  jjossiljly  the  virus 
may  wear  itself  out,  but  it  is  not  known  that  any  patient  has  ever  sur- 
vived a  general  mihary  tuberculosis,  so  that  we  have  here  nothing  strictl\- 
analogous  to  the  tertiary  stage. 

But  we  have  such  a  thing  as  a  Local  Tuberculosis,  an  unsymmetrical 
tubercular  lesion.  Many  instances  of  this  may  be  adduced,  and  in  all 
of  them  there  are  evidences  to  be  found  of  similar  characters  to  those 
seen  in  acute  general  tuberculosis.  The  existence  of  a  virus  is  indicated 
by  the  infective  character  of  the  lesions,  that  is  to  say,  the  tendency, 
when  the  disease  has  manifested  itself  in  a  part,  to  propagate  itself  in 
the  neighbourhood ;  as  if  there  were  a  virus,  which,  reproducing  itself 
in  the  original  centre,  was  carried  outwards  and  gave  rise  to  similar 
lesions  around.  Again,  in  these  local  manifestations  the  tul5erculosis  is 
accompanied  by  inflammation,  and  here,  also,  the  tubercles  as  well  as 
the  inflammatory  products  tend  to  undergo  changes  the  chief  of  which 

is  caseous  necrosis. 

As  an  example  of  this  we  may  take  TUBERCULOSIS  OF  SEROUS 
CAVITIES,  such  as  the  peritoneum  or  pericardium.  If  the  tubercular 
virus  gets  into  the  peritoneum  it  is  carried  up  and  down  in  it,  and  the 
result  is  the  production  of  tubercles  in  every  region  of  the  ca^dty.  The 
tuberculosis  is  accompanied  by  inflammation,  so  that  tuberculosis  of  the 
peritoneum  is  known  under  the  name  of  tubercular  peritonitis.  The 
peritoneum,  being  a  lymphatic  sac,  is  directly  related,  as  we  shall  see  in 
connection  with  the  spread  of  cancerous  tumours,  to  the  lymphatics  m 
the  diaphragm,  and  through  the  diaphragm  with  the  pleural  cavity, 
which  is  another  lymphatic  sac.  The  virus  appears  to  be  carried  through 
the  diaphragm  in  many  cases  of  tuberculosis  of  the  peritoneum,  and 
produces  an  eruption  of  tubercles  in  the  lower  part  of  the  pleural 

""^"^tIvo  ao-ain,  local  tuberculosis  of  the  kidney,  forming  the  disease 
sometimes  called  renal  phthisis.  When  this  disease  is  fully  developecl 
there  are,  usually  in  one  kidney,  irregular  cavities  lined  mth  ragged 
ulcers  and  these  cavities  often  replace  the  greater  part  of  the  kidney 
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tissue.  In  this  disease  the  course  of  events  seems  to  be  this  :  tubercles 
are  formed  at  the  apices  of  the  pyramids  of  the  kidney  where  they  pro- 
ject into  the  cahces,  or  else  in  the  mucous  membrane  of  the  pelvis  itself. 
These  tubercles  in  the  usual  way  undergo  caseous  necrosis,  and,  being 
on  a  surface,  they  break  down  and  form  tubercular  ulcers.  Mean- 
while the  virus  has  extended  deeper  into  the  kidney  tissue,  and  a  fresh 
crop  of  tubercles  has  arisen  beyond  the  ulcer.  These  tubercles  in 
succession  undergo  caseous  necrosis  and  break  down,  and  at  the  same 
time  fresh  crops  are  formed,  so  that  a  progressive  destruction  of  the 


Fig.  55.— Tubercular  ulcer  of  inte.stiue.  Tbii  rounded  form  of  the  tubercles  around  the  ulcer  (a) 
IS  seen,  some  of  them  breaking  up  the  rausciilar  coat  {b)  ;  one  (d)  outside  this  coat,  and  beneath 
the  peritoneum,    x  lu. 


kidney  tissue  results.  (A  similar  process  of  ulceration  is  indicated  in 
the  accompanying  illustration  (Fig.  -55)  of  a  tubercular  ulcer  of  the 
intestine.)  But  the  virus  is  not  only  carried  inwards  into  the  kidney 
tissue,  but  also  downward  into  the  pelvis  of  the  kidney,  and  do^vn  the 
ureter.  As  it  is  borne  along  it  seems  to  lodge  on  these  surfaces,  and 
produce  similar  changes- tubercidar  ulceration  of  the  pelvis  of  the 
kidney,  of  the  ureter,  of  the  bladder,  and  sometimes  also  of  the  vesiculie 
seminales  or  vasa  deferentia.  From  the  bladder  the  ulceration  may 
extend  to  the  ureter  of  the  opposite  side,  but  usually  it  confines 
itself  to  the  portion  close  to  the  vesical  opening,  hardly  ascending 
against  the  current  of  the  urine. 

In  the  case  of  renal  phthisis  we  see  how  the  caseous  necrosis  leads. 

L 
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to  tubercular  ulceration,  the  caseous  material  being  removed,  and  leaving 
an  ulcerated  surface,  and  this  case  may  be  taken  as  typical  of  that  pro- 
cess. But  sometimes  in  the  ureter  the  caseous  material  is  not  carried 
away,  but  remains  as  a  dense  consistent  layer,  lining  the  tube,  it  may  be, 
in  its  entire  length.  There  are  cases  again  in  which  a  local  tuberculosis 
occurring  in  the  midst  of  an  organ  leads  to  a  considerable  accumulation 
of  caseous  material. 

A  typical  instance  of  this  is  presented  by  the  scrofulous  tubercle 
OF  THE  BRAIN.    In  the  brain  substance  of  children  we  sometimes  meet 
with  a  considerable  tumour  composed  of  dense  caseous  material,  sur- 
rounded by  a  zone  of  grey  transparent  tissue.    The  course  of  events 
has  been,  that  a  group  of  tubercles  has  first  formed,  let  us  say  from  the 
virus  having  lodged  here.     These  have  undergone  caseous  metamor- 
phosis while  a  fresh  crop  has  been  produced  at  their  periphery.  And 
so  as  time  elapses  there  is  ever  fresh  new-formation  of  tubercles  and 
their  death  and  degeneration.    In  this  way  a  caseous  mass  is  formed  of 
the  remains  of  myriads  of  dead  tubercles.    The  grey  transparent  zone 
at  the  periphery  is  composed  of  tubercles  not  yet  degenerated,  mixed 
with  inflammatory  products.    The  existence  of  a  virus  is  here  shown 
by  the  tendency  to  extend  by  the  successive  formation  of  crops  of  fresh 
tubercles. 

Artificial  Production  of  Tuberculosis.— In  what  has  gone 
before  it  has  been  shown  that  in  acute  general  tuberculosis  there  is 
a  virus  in  the  blood  producing  multitudinous  tubercles  in  various 
organs.  It  has  also  appeared  that  in  cases  of  local  tuberculosis  there 
is  a  virus  producing  tubercles  by  a  process  which  may  be  called  infective, 
inasmuch  as  the  influence  passes  out  from  a  centre  and  infects  the 
neighbouring  tissues.  We  have  now  to  inquire  whether  the  virus  can 
be  conveyed  from  one  animal  to  another  by  inoculation. 

Numerous  experimenters  since  the  time  of  Villemin  have  shown 
that  in  certain  animals,  especially  guinea-pigs,  it  is  possible  to  produce 
a  GENERAL  TUBERCULOSIS  BY  INOCULATION  with  certain  products  from 
the  body  of  man.  When  pieces  of  a  caseous  tubercle  or  scrofulous 
lymphatic  gland  are  inoculated  under  the  skin  or  into  the  abdommal 
cavity  of  a  guinea-pig,  then  the  animal  in  six  to  ten  weeks  dies  of 
aeneral  tuberculosis.  Tubercles  are  found  in  the  peritoneum,  pleura, 
kidneys,  liver,  spleen,  bone-marrow,  etc.  By  the  introduction  of  the 
material  a  virus  has  been  introduced  which  gives  rise  to  the  regular 
tubercular  manifestations. 
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A  LOCAL  TUBERCULOSIS  may  also  be  produced  by  inoculation.  In 
Cohnheim's  experiments,  for  instance,  a  piece  of  caseous  material  is 
introduced  by  an  incision  through  the  cornea  into  the  anterior  chamber 
of  the  eye  of  a  rabbit  or  guinea-pig.    If  the  substance  has  been  so  fresh 
as  to  contain  none  of  the  products  of  decomposition,  the  irritation  pro- 
duced b}^  its  introduction  soon  passes  away,  and  the  inoculated  sub- 
stance gets  smaller  and  smaller  and  may  even,  after  a  time,  disaj)pear. 
For  a  time  the  eye  appears  quite  clear  and  intact.   Then  suddenly  there 
appears  in  the  iris  a  larger  or  smaller  number  of  fine  gray  nodules, 
which,  just  as  in  man,  attain  a  certain  size  and  then  become  caseous. 
In  rabbits  this  eruption  of  tubercles  generally  occurs  twenty-one  days 
after  inoculation,  in  guinea-pigs  it  is  usually  a  week  earlier,  although 
even  in  rabbits  it  may  take  place  in  fourteen  days.    The  tuberculosis 
may  confine  itself  to  the  eye  or  it  may  extend  to  other  organs. 

It  is  specially  interesting  that  in  this  case  the  virus  has  apparently 
a  period  of  incubation  of  fourteen  or  twenty-one  days,  in  this  respect 
conforming  to  the  viruses  of  other  forms  of  disease. 

Experiments  have  also  been  made  in  which  animals  have  inspired 
AIR  containing  the  sputa  of  tubercular  patients,  with  the  result  of 
inducing  tuberculosis  of  the  lungs  and  bronchial  glands.  Again,  animals 
have  been  fed  with  tubercular  matter,  and  have  contracted  tuberculosis 
of  the  intestines  and  mesenteric  glands,  and  so  on.  These  experiments 
prove  undoubtedly  that  tubercular  material  contains  a  virus  which  is 
capable  of  transmission  to  other  living  animals  just  as  the  s^nDhilitic 
A  irus  is. 


Nature  of  the  Tubercular  Virus. -But  now  the  question 
arises.  Is  this  a  specific  virus  only  produced  by  itself,  or  may  it  arise 
m  the  body  from  other  products  ?     Opinions  diverge  on  this  point 
Villemm,  whose  experiments  are  the  earliest  bearing  on  this  sub- 
ject, and  Klebs  have  strongly  expressed  the  view  that  the  tuber- 
cular virus  ^is  specific,  and  can  only  be  produced  by  self-propagation. 
On  the  other  hand,   it  is  held  by  many  that  caseous  material, 
whether  the  result  of  the  degeneration  of  tubercular  products  or  of 
those  of  simple  inflammations,  is  capable  of  producing  tuberculosis, 
in  fact,  m  the  experiments  in  which  tubercular  material  is  inoculated 
W  th  rrr'T\'^''  it  ^,,t  produces  a  local  inflammation,  ani 
that  the  finely  divided  material  which  results  from  the  drying  in  of  the 
inflammatory  products  is  the  cause  of  the  tubercular  eruption     In  this 
connection  it  may  be  mentioned  that  acute  miliary  tuberculosis  in  man 


164)  INFECTIVE  TUMOUKS. 

is  often  supposed  to  take  its  origin  in  some  local  mass  of  caseous 
material,  and  that  local  tuberculosis,  say  of  the  lung,  is  frequently  by 
such  authors,  referred  to  the  products  of  caseous  necrosis  in  the  inflam- 
matory exudation  of  a  simple  catarrhal  pneumonia. 

This  matter  we  may  now  regard  as  finally  set  at  rest  by  the  recent 
discoveries  of  Koch,  already  confirmed  by  several  others,  that  the  virus 
of  tuberculosis  is  essentially  connected  with  a  particular  form  of  micro- 
organism, a  bacillus.  These  observations,  establishing  as  they  do  the 
parasitic  nature  of  tuberculosis,  completely  corroborate  and  carry  to 
their  due  conclusion  the  views  expressed  in  the  precedmg  pages.  By  a 
particular  method  of  observation,  Koch  has  succeeded  m  demon— 
L  existence  of  a  special  bacterium  (bacillus  m  tubercles,  whethei 
occurring  spontaneously  in  man  and  animals  or  ^^^^^ 

rods,  a  quarter  or  half  the 
length  of  a  red  blood  cor- 
puscle (see  Fig.  56),  but 
occasionally  a  little  longer. 
They  are  often  in  consider- 
able aggregates,  especially 
where  the  tubercular  pro- 
J        cess  is  advancing,  and  they 
^    frequently  exist  inside  the 
fP  giant-cells.    In  many  cases 
%    the  rods  contain  spores, 
.    o-PTiprallv  two  to  four  in 

Fig  56.- Tubercular  bacillus  prepared  from  sputuiu  m  ^ 
phtlfisis  pulmonalis.    X1500.  Cach  baClUuS. 

1       f....r.A  ir,  fhp  following  diseases— General 
Tbe^e  organisms  have  been  found  m  tne  loiiuwi  ^  +Vp 

team,  tuberculosis  of  the  also,  unifonnly,  m 

glands,  scrofulous  synovit  s.    ^^^J^^l^  of  guinea  pigs 

bovine  tuberculosis,  '^i  ;^^^'^,;,  the  tubercles  produced 
rabbits,  and  monkeys.    Ihey  aio  also  p 

by  inoculation  in  animals.  ,  cultivated 

^  But  the  bacillus  has  not  only  been  ^dy,  and 

outside  the  body.    It  giws  in  blooiserum^  but  ^  -  J  s  o,  I,  _ 

.hen  the  ^  from  various  forms 

has  been  cultivated  through  n  anj  g  ^^^^^.^^  .^^ 

trt:^— or  ten  days  to  produce 
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any  manifest  change,  but  it  ultimately  gives  rise  to  a  regular  tuber- 
culosis in  the  internal  organs. 

These  observations,  then,  distinctly  j^rove  that  tuberculosis  is  a 
specific  infective  disease.  Considering  that  the  bacillus  is  present 
abundantly  in  the  sputum  of  phthisis,  and  gets  dispersed  everywhere 
from  that,  there  is  no  difficulty  in  understanding  how  the  organism  gets 
into  the  body.  It  is  clear,  however,  that  in  order  to  its  development 
there  must  be  some  existing  condition  of  the  body  predisposing.  It  has 
already  been  mentioned  that  the  bacillus  is  of  slow  growth,  and  when 
it  is  carried  into  the  healthy  tissues  it  probably  gets  eliminated  before  it 
undergoes  considerable  increase.  In  the  case  of  weakly  persons,  how- 
ever, the  tissues  may  be  less  able  to  resist  its  inroads,  and  as  different 
persons  are  variously  constituted  the  locality  of  the  development  will 
vary.  The  lungs,  however,  are  obviously  the  favourite  seat  of  attack, 
and  the  organism  is  doubtless  inhaled. 

According  to  the  views  already  advanced,  the  relations  of  the 
tubercular  process  and  the  area  covered  by  it  are  somewhat  more 
extended  than  many  have  hitherto  acknowledged.  Not  only  such 
definite  tubercular  conditions  as  the  scrofulous  tubercle  of  the  brain, 
but  also  pulmonary  phthisis,  scrofulous  disease  of  the  glands,  etc.,  are 
essentially  tubercular  in  their  nature.  The  virus  is  present  in  all  such 
products,  and  they  are  capable  of  producing  tuberculosis  by  inoculation. 
The  domain  of  tuberculosis  therefore  covers  that  of  scrofula. 

It  is  here  proper  to  state  that  histological  investigation  seems  to 
confirm  this  latter  view.  ScRO^'ULOUS  disease  of  the  lymphatic  glands 
is  not  a  simple  inflammatory  swelling  of  them,  but  tubercles  of 
typical  structure  are  to  be  found  in  them  from  the  earliest  period, 
and  the  process  is  as  much  a  tubercular  one  as  the  local  tuberculosis  of 
the  brain.  It  is  the  same  ^vith  phthisis  pulmonalis.  There  are  un- 
doubted inflammatory  phenomena  here,  but  tubercles  are  found  as  well, 
and  although  it  may  be  said  that  the  tubercular  formation  is  secondary 
to  the  degeneration  of  the  inflammatory  products,  the  constancy  with 
which  tubercles  are  to  be  found  in  the  earliest  periods  rather  contra- 
thcts  this  view. 

The  so-called  scrofulous  diseases  are  characterized  by  a  rich  new- 
ormation  of  cells,  apparently  inflammatory,  in  the  midst  of  which 
tubercles  are  to  be  found.  Both  tubercles  and  inflammatory  products 
aie  prone  to  undergo  caseous  necrosis.  Here  the  former  question  comes 
up  as  to  the  relation  of  the  inflammatory  products  to  the  specific 
tubercles.    Looking  to  the  fact  that  these  products  undergo  precisely 
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the  same  changes  as  the  tubercles  it  seems  reasDna])le  to  infer  that  they 
are  both  due  to  the  action  of  the  same  virus.  This  is  only  consistent 
with  what  wo  have  seen  in  the  case  of  syphilis  where  the  same  virus 
produces  both  the  inflammatory  manifestations  and  the  gummata. 

Source  of  the  Tubercular  Virus.— There  are  still  some  ques- 
tions to  be  answered  after  all  that  has  been  stated  above.  If  in  acute 
miliary  tuberculosis  we  have  a  virus  in  the  blood,  whence  does  it 
come  ?  If  in  local  tuberculosis  there  is  a  virus,  what  is  its  source, 
and  how  does  it  reach  its  local  habitation  1 

It  has  been  stated  that  in  acute  mihary  tuberculosis  the  virus  is 
present  in  the  blood,  but  this  does  not  quite  explain  the  whole.  The 
virus  is  often  present  in  the  blood  without  producing  this  general 
tuberculosis.  For  instance,  .in  phthisis  pulmonaHs  there  are  .often  a  few 
tubercles  in  the  liver  and  kidneys,  and  the  virus  must  have  reached 
these  organs  by  the  blood.    Then  in  local  tuberculosis  it  is  difficult  to 
understand  how  the  virus  can  have  reached  such  organs  as  the  kidneys 
or  the  joints  except  by  the  blood.     We  have  already  seen  that  the 
tubercular  bacillus  is  slow  of  growth,  and  does  not  multiply  with  great 
rapidity,  and  the  probability  is  that  before  acute  miliary  tuberculosis 
can  be  produced  there  must  be  a  large  accumulation  of  it  m  the  blood 

It  is  often  stated  that  in  acute  general  tuberculosis  the  source  of  the 
virus  is  to  be  found  in  some  old  caseous  But '^rLre 

scrofulous  tubercle  of  the  brain  or  a  caseous  gland.    But  the  disease 
not  nfrequently  occurs  without  any  such  caseous  focus  being  discovered 
and  even  when  a  caseous  mass  exists  it  is  not  clear  how  the  virus  is 
did  in  such  quantity  as  we  are  led  to  infei     In  some  cases  tubei 
culosis  of  the  thoracic  duct,  and  in  others  of  the  branches  of  the  pul- 
m  nary  artery,  has  been  found  in  acute  mihary  tuberculosis  and  n 
These  we  have    sufficient  source  of  virus  in  immediate  connection  with 
th  bbod.   It  may  be  that  careful  examination  will  reveal  such  sour  es 
of  sCply  in  niost  cases  of  this  disease,  but  meanwhile  we  must  wait 
t  is  even  possible  that  the  virus  may  sometimes  be  introduced  m  a 
peculiar"  virulent  form.    As  Yirchow  long  ago  pointed  out,  epidenn^ 
nener^l  tuberculosis  occur,  and  the  explanation  -Y^-  -^d  n  thi. 

In  rec^ard  to  local  tuberculosis  it  is  to  be  presumed  that  the  ^  us  is 
JodW  in  small  quantity,  and  in  order  to  its  propagation  ^o^^ 
mtroau  ^^^^^      allowed  to  tairy  m 

T  in  Ltd  if  Lst  find  a  fitting  nidus.    It  seen« 

t\nuZtZt::M  powc.  of  destroying  s,naU  ,„ant,t.s  of 
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the  virus.  But  if  the  tissues  are  defective  in  vitality,  and  especially 
if  along  with  that  the  blood  stagnates  in  them,  then  we  may  have 
the  virus,  if  introduced,  propagating  itself  and  producing  tubercu- 
losis. 

The  source  of  the  virus  is  not  far  to  seek.  If  phthisis  pulmonalis  is 
a  tubercular  disease,  and  if,  as  Koch  and  Ehrlich  have  shown,  the 
sputum  of  such  patients  contains  myriads  of  the  specific  bacillus, 'then 
the  air  of  towns  must  contain  it  in  abundance,  and  everyone  must 
inhale  it.  But  it  is  only  persons  who  have  natural  or  acquired  weak- 
nesses that  become  the  subjects  of  local  tuberculosis. 

But  the  virus  may  be  introduced  by  the  food  as  well  as  the  air,  and 
m  this  connection  it  is  important  to  note  that  the  bacillus  of  bovine 
tuberculosis  appears  to  be  identical  with  that  of  human  tuberculosis 
There  is  reason  to  believe  that  the  milk  of  tubercular  cows  contains 
the  virus,  which  may  thus  find  access  to  man. 

The  virus  then  having  been  introduced  by  the  air  or  in  the  food 
may  lodge  in  the  lungs  or  intestine,  and,  in  persons  predisposed,  may 
develop  tubercular  disease  at  the  seat  of  its  entrance.  But  if  the 
place  of  entrance  does  not  afford  a  fitting  nidus,  the  virus  may  be  car- 
ried beyond.  It  will  most  readily  be  carried  by  the  lymphatics  to  the 
nearest  lymphatic  glands,  and  may  thence  pass  into  the  blood  In 
children  it  seems  as  if  the  virus  were  pecuHarly  liable  to  lodge  in  the 
mesenteric  glands  after  being  taken  in  by  the  food. 

Again,  the  virus  may  get  into  the  blood,  but  it  does  not  develop 
unless  It  finds  some  part  of  the  body  fit  for  its  reproduction  In 
many  cases  of  scrofulous  and  tubercular  disease,  there  has  been  pre- 
vious to  their  development,  some  injury  or  disease  of  the  particular  part 
in  which  they  have  occurred.  For  instance,  in  scrofulous  synovitis 
there  is  very  conimonly  some  history  of  an  injury  as  the  starting  poin^ 
of  the  disease,  which  is  really  a  local  tuberculosis  of  the  joint. 

BOVINE  TUBERCULOSIS. 
This  disease,  perhaps  better  known  by  its  German  name  of  Perlsucht 

Itself  in  a  variety  of  organs  like  our  own  general  tuberculosis  but 
running  a  much  slower  course.    It  is  an  inactive  disease   and  ha 
been  communicated  to  the  calf,  lamb,  goat,  pig,  and  rabbit  byTeedt" 

no~^^^^^^  "'i  -         the'actual  ptl 

nodules.   Like  tuberculosis,  it  is  due  to  a  virus,  ^hich,  as  we  have  seen, 
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is  the  same  bacillus  as  that  of  ordinary  tuberculosis ;  it  is  generally 
believed  to  be  hereditary. 

The  disease  in  the  cow  is  characterized,  like  general  tuberculosis,  by 
the  formation  of  numerous  isolated  or  conglomerated  nodules.  They 
occur  chiefly  on  the  serous  membranes,  in  the  lymphatic  glands,  and  in 
the  lungs.  The  nodules  on  the  serous  membranes  are  the  most  obvious 
and  characteristic,  and  it  is  they  which  have  given  the  disease  its  com- 
monest name,  Perlsucht  or  pearl  disease.  In  the  pleura  and  peritoneum 
appear  vascular  villous  outgrowths  in  which  the  nodules  ultimately 
develop  (Fig.  57).    These  nodules  are  of  various  dimensions,  mostly 


Fig.  57.-A  piece  of  lung  in  bovine  ^'^^^^■'■^'']°^^^^^^^ 
Imig  many  rounded  tumours  are  seen,  some  pendulous.  (^  IRCHOW.) 

about  the  size  of  lentils,  either  sessile  or  stalked,  and  very  often  in 
the  form  of  flat  oval  bodies  crowded  together  on  the  surface  like  duck- 
weed in  a  pool  of  water.    They  are  liable  to  become  caseous  or  ulti- 
mately cretaceous.    The  lymphatic  glands  are  simultaneously  afTected, 
especially  the  thoracic  and  abdominal  ones,  and  they  o  ten  grow  to 
enormous  dimensions,  from  the  formation  of  nodules  in  them^  They 
also  are  liable  to  caseous  necrosis  or  calcareous  deposition.    The  lungs 
rarely  escape  infection,  and  the  nodules  here  frequently  coalesce  so  a 
to  form  somewhat  large  masses,  which  are  most  abundant  towards  the 
surfacT    These  masses  are  often  surrounded  by  distinct  capsules,  and 
if  softening,  which  is  of  common  occurrence,  supervenes,  2^^^^ 
ties  Hned  with  a  distinct  connective-tissue  membrane.     Such  cavities 
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are  regarded  by  very  high  authorities,  and  especially  by  Virchow,  as 
due  to  dilatation  of  the  bronchi  by  accumulated  secretion.  Besides  in 
these  organs,  nodules  may  occur  in  the  liver,  intestine,  joints,  bones, 
genito-urinary  organs,  and  udder,  and  in  these  situations  they  present 
similar  characters  to  those  already  referred  to. 

In  its  essential  or  minute  structure  the  pearl  nodule  differs  little,  if 
at  all,  from  the  tubercular  nodule  of  the  human  subject.  It  is  made  up 
of  a  congeries  of  minute  bodies  which  may  be  called  tubercles,  consist- 
ing of  rounded  aggregations  of  cells,  the  most  characteristic  of  which 
are  the  giant  cells,  which  are  here  even  more  abundant  than  in  ordi- 
nary tubercles.  It  is  therefore  in  its  general  features,  and  in  the 
peculiar  arrangement  of  its  nodules,  that  this  disease  differs  from  tuber- 
-culosis  in  man. 

It  has  been  indicated  above  that  the  virus  of  bovine  tuberculosis, 
being  the  same  as  that  in  human  tuberculosis,  may  produce  the  latter 
when  introduced  into  the  body  of  man.  According  to  Creighton,  the 
resulting  lesions  often  resemble  those  of  bovine  tuberculosis  rather  than 
those  of  the  human  form. 


LUPUS. 


^  This  is  a  disease  of  the  skin,  usually  of  the  face,  and  occasionally  of 
neighbouring  portions  of  the  mucous  membrane.  It  is  characterized 
by  the  formation  of  rounded  prominences,  generally  of  a  brownish 
colour,  on  the  surface  of  which  there  is  often  desquamation  of  the 
epidermis. 

On  microscopic  examination  of  the  rounded  prominences  (which  are 
sometimes  called  tubercles,  in  the  macroscopic  sense)  they  are  found  to 
consist  essentially  of  granulation  tissue.  The  cutis  vera  has  been  re- 
placed by  an  abundantly  cellular  tissue,  the  cells  mainly  like  leuco- 
cytes, but  also  epithelioid,  and  even  giant-cells.  The  infiltration  of  the 
skm  also  is  not  homogeneous,  but  often  in  distinct  nodular  aggregations 
resembling  tubercles. 

As  in  the  other  forms  of  infective  tumour,  the  cells  here  present  a 
tendency  to  degeneration.  It  sometimes  happens  that  the  granulation 
tissue  IS  partially  absorbed,  and  partially  developed  into  connective 
tissue,  so  that  a  cicatrix  results,  but  it  is  a  cicatrix  without  previous 
Ulceration  (lupus  non-exedens).  In  other  cases  the  epidermis  over  the 
prominences  gives  way  and  an  ulcer  forms,  the  granulation  tissue 
breaking  down  so  as  to  cause  a  deep  loss  of  substance.    The  mode  of 
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formation  of  these  ulcers  is  like  that  of  the  syphilitic  ulcer  from  the 
gumma,  or  the  tul)ercular  ulcer,  and,  like  them,  they  tend  to  enlarge  hy 
successive  new-formation  of  lupus  tissue  at  the  periphery,  and  its  des- 
truction. In  this  way  there  may  be  extensive  loss  of  substance  of  the 
skin  (lupus  exedens).  There  may  be  a  partial  healing  of  the  ulcers- 
at  one  part,  and  advance  at  another,  so  that  considerable  deformities 
result. 

As  the  disease  is  an  infective  one  we  may  presume  that  it  depends 
on  a  virus,  but  the  nature  of  the  virus  is  obscure.  There  are  some  cases 
in  which  the  syphilitic  virus  seems  to  be  the  cause  (syphilitic  lupus), 
but  these  are  a  very  small  minority.  It  is  believed  by  some  that  we 
have  here  a  local  tuberculosis  of  the  skin,  and  it  is  possible  that  this 
view  may  turn  out  to  be  correct.  There  is,  however,  this  objection  to 
it,  that  it  does  not  appear  that  the  lymphatic  glands  in  connection  with 
the  lupus  become  the  seat  of  scrofulous  disease. 


LEPEOSY. 

This  disease  is  also  called  Elephantiasis  Grsecorum.  It  was  at  one 
time  spread  all  over  Europe,  but  is  now  confined  to  Iceland,  some  parts 

of  Norway  and  Russia,  and  the 
coast  of  the  Mediterranean. 

The  disease  occurs  in  two 
forms  which  are  designated 
lepra  tuberculosa  and  lepra  an- 
a)sthetica.  In  the  first  the  new- 
formation  has  its  seat  in  the 
skin  or  mucous  membrane;  in 
the  second  it  is  the  nerves 
which  are  afi'ected. 

When  it  attacks  the  skin,  it 
is  mostly  the  face  and  hands 
which  are  afi'ected,  and  the  legs 
if  they  are  exposed  to  the  wea- 
ther. There  appear  larger  or 
smaller  swellings,  at  first  red 
or  bluish  in  colour,  which  be- 
Fig.  58.  -Lerrosy.  The  lu^^^^^^^^^         come  firmer  and  harder.  These 

'^^^ESF''^'''^''''^"  tubercles  may  reach  the  size  of 
:  —    They  consist  of  granulation  tissue  in  which 
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cells  of  the  size  of  leucocytes  are  most  alumdant.  As  in  other  granu- 
lation tumours,  Ave  often  have  ulceration,  or,  as  in  the  case  of  lupus, 
there  may  be  cicatrization  without  ulceration.  By  the  formation  of  the 
swellings  and  cicatrization,  great  deformities  frequently  result,  so  that 
the  patients  have  often  a  peculiarly  hideous  appearance,  the  face  being, 
knobbed  and  gnarled.    (Figure  58.) 

In  the  anaesthetic  form  the  nerve  stems  become  the  seat  of  granula- 
tion tissue,  forming  spindle-shaped  swellings,  sometimes  of  considerable 
length.  The  granulation  tissue  here  is  in  the  interstitial  connective 
tissue,  so  that  the  nerve  fibres  are  separated  and  compressed.  In  the 
anaesthetic  parts  it  is  not  uncommon  to  find  gangrene  occurring,  so  that 
fingers  or  toes  drop  off. 

In  leprosy  there  are  sometimes  tumours  formed  in  internal  organs, 
but  this  is  very  rare. 

By  the  researches  of  Hansen  and  Neisser,  it  has  been  shown  that 
leprosy  is  related  to  a  micro-organism,  which  closely  resembles  the  tuber- 
cular bacillus.  The  bacilli  are  always  to  be  found  in  the  granulation  tissue 
forming  the  tumours.  Their  source,  however,  is  not  so  clear.  They  are 
not  acquired  by  contagion,  and  experiment  has  hitherto  failed  to  produce 
the  disease  by  inoculation,  although  the  possibihty  of  inoculability  is  not 
to  be  denied.  The  fact  that  leprosy  occurs  at  the  present  day  only  amono- 
fish-eating  people  may  perhaps  indicate  that  the  organism  has  its  origin 
in  the  decomposition  of  fish,  and  persons  in  a  low  state  of  health  eatin- 
decomposing  fish  are  liable  to  be  affected  by  it. 


GLANDEES  AND  FAECY. 

This  is  a  single  disease,  although  the  names  to  some  extent  are 
applied  separately.  It  affects  chiefly  horses,  and  is  called  glanders 
when  It  has  its  chief  seat  in  the  nasal  mucous  membrane,  and  farcy 
when  the  skin  is  chiefly  affected.  It  is  eminently  contagious,  and 
communicated  from  animal  to  animal  by  inoculation.  Occurrino-  chiefly 
among  horses  and  similar  animals,  it  is  met  with  also  in  some  of  the 
<lomestic  animals,  and  is  not  infrequently  communicated  to  man,  espe- 
cially to  persons  who  work  about  horses. 

The  disease  in  horses  manifests  itself  first  in  the  formation  of  swell- 
ings of  the  mucous  membrane  or  skin,  consisting  of  granulation  tissue, 
ihe  nasal  mucous  membrane  is  generally  first  attacked,  and  there  is 
either  a  diffuse  infiltration  of  it  or  else  a  more  localized  series  of  swell- 
ings bke  those  of  lupus.    From  this  seat  the  disease  spreads  to  neigh- 
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bouring  lymphatic  glands,  also  along  the  mucous  membrane  to  the 
lungs  and  intestinal  tract. 

The  granulation  tissue  here,  even  more  than  in  the  other  infective 
tumours,  tends  to  break  down,  so  that,  as  a  rule,  ulcers  soon  form,  which 
prese^t  a  great  tendency  to  spread.  These  ulcers  arise  by  what  is  vu-- 
tually  a  suppurative  process,  and  if  the  tumours  are  situated  deep  in 
the  skin  or  mucous  membrane  there  may  be  actual  abscesses,  which,  by 
bursting,  form  ulcers.  If  the  ulcers  heal,  cicatrices  are  formed  in  the 
usual  way. 

The  manifestations  in  internal  parts  are  largely  inflammatory  in 
character.  The  lymphatic  glands  of  the  neck  are  the  seat  of  inflamma- 
tory swelling.  In  the  lungs  there  are  nodules  either  consisting  of 
granulation  tissue  with  caseous  central  parts,  or  more  distinctly  pneu- 
monic There  are  also  in  the  mucous  membrane  of  the  intestmal  canal 
nodules  which  are  sometimes  more  sohd,  at  other  times  breakmg  down 

'""^  It' is "  to  be  added  that  the  above  description  applies  to  the  acute 
cases,  which  are  the  commoner,  but  that  the  disease  is  sometimes 
chronic  in  its  course.  Chronic  cases  have  usually  the  nodules  m  the 
skin,  and  there  are  secondary  tumours  in  the  muscles,  etc. 

In  man,  glanders  is  usually  an  acute,  rapidly  fatal  disease  There 
are  nodules  and  ulcers  in  the  mucous  membranes  and  the  skm,  and 
"equently  phlegmonous  inflammation  of  the  skin  ^vith  abscesses  among 
hetuscL  et:  In  fact,  in  man  the  disease  takes  the  infl— 
character  more  distinctly  than  in  the  horse.  We  may  have  m  man 
also  nodules,  ulcers,  and  abscesses  in  internal  organs 

It  is  clear  that  we  have  in  this  disease  a  virulent  agent,  but  the 

nature  of  it  is  unknown. 


TUMOURS  OR  MORBID  GROWTHS. 


Definition. — A  tumour  means  literally  a  swelling,  and  formerly 
any  swelling  was  called  a  tumour.  Tumor,  for  example,  is  often  named 
as  one  of  the  cardinal  signs  of  inflammation,  and  it  is  still  customary  to 
speak  of  the  inflammatory  tumour.  But  now-a-days  the  use  of  the  word 
has  become  limited ;  it  is  ajspHed  to  a  class  of  new-formations  of  which 
it  is  difficult  to  give  a  strict  definition. 

It  may  be  said  that  tumours  are  pieces  of  tissue  which  have  a  life 
and  growth  of  their  own  irrespective  of  the  needs  of  the  organism,  and 
of  the  general  local  conditions  around  them.  The  structure  of  a  tumour 
does  not  differ  in  any  essential  particular  from  that  of  normal  tissues ;  in 
its  elements  it  is  wholly  analogous  to  what  may  be  found  in  the  physiolo- 
gical tissues.  It  is  nourished  by  the  same  blood,  its  blood-vessels  being 
continuous  with  those  of  surrounding  parts,  its  nerves  are  connected 
with  neighbouiing  nerve-stems,  and  its  tissue,  if  not  always  similar  to 
that  near  it,  is  frequently  identical.  But  it  grows  independently  and 
without  apparent  object.  Thus  a  fatty  tumour  goes  on  increasing  in 
size  irrespective  of  the  adipose  tissue  in  which  it  has  its  seat,  and^'the 
person  may  be  reduced  to  the  greatest  emaciation,  most  of  the  ordinary 
fat  being  absorbed,  while  httle  or  no  impression  is  made  upon  the  fatty 
tumour. 

It  may  here  be  said  that  tumours  usually  arise  in  the  midst  of  tissues 
of  their  own  nature,  and  when  they  do  so,  they  may  be  called  homolo- 
gous. But  they  not  infrequently  arise  in  the  midst  of  tissue  of  a 
different  kind,  a  tumour  composed  of  muscular  tissue,  for  instance,  in 
the  kidney,  and  they  are  then  called  heterologous.  These  words  were 
at  one  time  used  to  express  the  distinction,  that  in  the  one  case  the 
tassue  corresponds  to  the  tissue  of  the  body  and  in  the  other  is  different 
from  the  tissue  of  the  body.    But  as  the  tissues  of  tumours  correspond 
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in  their  structure  to  the  physiological  tissues,  there  is  no  such  thin^'  a-s 
heterology  in  this  sense. 

Origin  and  Development  of  Tumours.— In  the  definition  given 
of  tumours  we  have  seen  that  they  are  composed  of  tissue  which 
follows  in  its  structure  the  normal  tissues,  hut  grows  without  reference 
to  the  needs  of  the  organism.  We  have  here  to  enquire  how  this  piece 
of  abnormally  growing  tissue  takes  origin. 

For  the  most  part  it  may  be  asserted  that  it  arises  m  tissue  of  its 
own  nature,  and  that  it  grows  by  a  process  perfectly  analogous  to  that 
of  its  own  kind  of  tissue.  Even  in  the  case  of  heterologous  tumours 
this  is  at  the  outset,  true.  A  muscular  tumour,  whatever  its  seat,  must 
have  had  embryonic  muscle  as  its  primordial  basis,  and  it  grows  by  a 
process  analogous  to  the  growth  of  muscle.  But  most  tumours  m  their 
primary  position  are  strictly  homologous,  and,  their  tissue  presumably 
has  its  origin  along  with  that  of  the  tissue  in  which  they  have  then- 
seat  A  fatty  tumour  has  its  seat  among  the  adipose  tissue,  and  is  at 
the  first  a  piece  of  fat  indistinguishable  from  that  which  suri-ounds  it. 
We  have  to  enquire  how  it  is  that  this  particular  piece  of  adipose 
tissue  has  taken  upon  itself  this  peculiar  and  unusual  development. 

An  explanation  has  been  recently  suggested  by  Cohnheim,  and 
enforced  by  cogent  arguments  and  ingenious  experiments  performed  by 
Mm  1  hfs  p^ils.  let  it  be  supposed  that  the  primordial 
a  piece  of  tissue  left  over  as  it  were  from  the  embryomc  state,  nd 
retaining  unabated  much  of  the  embryonic  power  of  growth  and 
development,  and  much  of  the  special  phenomena  of  tumours  .all  be 

"In  the  normal  growth  of  the  body  the  various  tissues  go  on  repi.- 
ducin.  themselves  up  to  a  certain  point,  but  they  stop  shor  when  the) 
Woduced  the  proper  amount  of  tissue  for  the  needs  of  the  organ- 
ism The  finer  details  of  this  process  are  largely  governed  ^7  heredi  ^ 
but  it  is  clear  that  there  is  a  law  in  the  orga,nism  regulating  the  growUi 
rthe  tissues  in  relation  to  each  other  and  to  the  organism  as  a  who  • 
t  tly  U  presumed  that  the  embryonic  basis  of  each  tissue  starts  ..th 
a  gTeat  power  of  new-formation,  but  this  power  is  strictly  under  com- 

TYinnd  of  the  organism  as  a  whole. 

Tint  t\  Piece  of  emteyonio  tissue  be  taken  out  of  its  normal  relations 
.Jpll  ear  position  [avourable  to  its  further  growth,  then  .t  may 
;lis  Sow  on  irrespective  of  the  needs  of  the  orgamsm,  and  de,dop 
S  ng  in  the  nature  of  a  tumour.    We  have  already  referred  to 
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<!ase  in  Avhich  a  process  like  this  occurs.    When  the  spur  of  a  cock  is 
transplanted  to  the  comb,  it  grows  rapidly,  and  by  and  by  forms  a 
prominent  tumour.    Here  is  a  piece  of  tissue  removed  from  its  proper 
relations  mto  a  position  more  favourable  for  its  growth  in  respect  to 
blood  supply,  and  it  grows  with  a  very  special  vigour.    Again,  Leopold 
has  found  that  it  is  possible  to  transplant  cartilage  from  a  living 
ammal  into  the  anterior  chamber  of  the  eye,  where  it  acquires  vascular 
^connections  with  the  iris.    If  foetal  cartilage  be  used,  it  grows  in  its 
new  position  and  may  form  a  distinct  tumour  of  some  size,  but  if  it  be 
^artilage  from  an  animal  after  birth  it  does  not  show  the  same  vigour 
It  appears  also  that  the  earher  the  period  of  development  of  the  embryo 
from  which  the  cartilage  is  taken,  the  more  likely  is  there  to  be\ 
vigorous  growth  in  the  new  position. 

These  facts  would  indicate  that  the  normal  tissues  may  under  un- 
usual circumstances,  when  they  are  disconnected  from  their  normal 
relations,  assurne  an  independent  growth,  and  the  tissues  of  the  emCyo 

^'-^  - 

But  there  are  some  facts  in  the  pathology  of  tumnnr«  i 
which  indicate  that  in  .o.e  ca...  at  ,L,  th:,'  t^  o^S  ^f  r/c^Tf 
tissue  left  over,     it  were,  from  the  embryo.    There  ^re  tnJ.1      I  , 
ar.se  as  it  is  said,  ,y  inclusion.    A  very  slikingt  Cc  o7  th  it 
.^-called  sacral  teratoma.    In  these  tumours  almost  all  tl,.7  c 
the  hody  may  be  present,  and  sometimes  thereTe  pi  tT:Z 
There  seems  no  doubt  that  in  this  case  at  „u  !  i  , 
embryo  has  been  included  inside  th  Zl  and  th  ' 
au  embryo  included  in  his  tissues     Thrvant?:^"  " "'^ 
..grow  in  their  abnormal  position  not  altogether  X'm.nrer  """" 

Again,  tumours  of  striped  muscle  hLe  helnkZZT.-, 
and  other  parts  of  the  urino-genital  system    Th.  , 
«ems  to  be  that  the  Wolffian  body  C\hI  wr'tT°°  °' 
veloped  is,  in  the  embryo  close  to  the  ,  """o 

-nd  portions  of  these  Teing  LLfd  irTeT,/"!*,"' 

w^iSiToirrr  ::r  '=tr"''^"« « 

throughout  life  a  somewhat  ruZZyl^ZT,:^^' 
for  many  years,  till  suddenly,  it  may  be  thei  r'  ^ 
power  of  growth  and  develop  turours  ^  extraordinary 

It  may  then  perhaps  be  presumed  that  in  the  case  of  many  turnout 
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they  take  origin  in  pieces  of  tissue  left  over  from  the  embryo,  aii.l 
retaining  largely  their  power  of  growth. 

•   But  this  does  not  apply  to  all  tumours,  and  especially  it  does  not 
apply  to  cancers.  .  We  shall  afterwards  see  that  these  tumours  do  not 
grow  from  a  single  piece  of  tissue,  but  that  in  a  considerable  and  extend- 
ing area,  the  existing  epithelial  structures  take  on  an  unusual  growth. 
At  the  marginal  parts  of  an  epithelioma  of  the  tongue,  for  mstance,  it 
can  nearly  always  be  seen  how  the  normal  epithelium  is  extending  and 
penetrating  inwards  ;  and  again,  a  cancer  of  the  kidney  appears  to  ansa 
and  advance  by  transformation  of  the  existing  tissue  of  the  organ.  It 
appears  therefore,  that  in  this  case  the  tumour  arises  from  the  existing 
normal 'structures,  and  that  we  must  look  for  some  abnormal  impulse 
inducing  it  to  grow  outrageously. 

In  the  case  of  cancers  and  sarcomas  the  abnormal  impulse  is  not 
infrequently  related  in  some  way  to  a  traumatic  cause.  Many  tumours 
are  referred  by  patients  to  injuries  received,  although  there  mus  be 
some  local  peculiarity  before  a  simple  injury  can  produce  such  effects. 

Growth  and  Extension  of  Tumours. -For  the  most  part 
tnmours  enlarge  by  a  new-formation  of  tissue  mthin  themselves,  just 
abnormal  Lue's  increase  during  the  period  of  growth.  The  tissue 
0  h  tumour  is  sometimes  continuous  with  that  of  surroundmg  parts, 
metimrit  is  separated  by  a  capsule  composed  of  connective  tissue  ; 
sometimes  i      j  continuous  and  afterwards  gets  sepa- 

7Zr\^^^^^^^ o«  tumour  simply  grows  by  new- 
lated.      in      y  produces  effects  on  neighbourmg 

:r:;ire™;ri;  apa.i  .^.^  ^n...  — 

i,  doe«   not  prejudice  neighbouring  structures.  Tumour* 

i:;  .^.'J.. ...  usuan,  cea  ™  ...ock.. 

^"rt';hen  there  are  tumours  of  wMch  this  is  not  true.  They  have  a 
,  Itrto  tow  nto  and  infiltrate  neighbouring  tissues,  presentmg 
tendency  to  „row  i  ^.^j     jed  LOCAL  MALIGNANCY.    This  >s 

characters  of  what  may  oe  ue  ^  j  sarcomas 

peculiarly  the  case  with  sarcomas  and  cance:      In  th  c^ 
the  tumour  seems  to  penetrate  -  ^^J^^  i„  ^he  style  that  . 

„„,U  of  the  existing  U^^^^^^^^^^ 

rwhicrirf  on,t. 
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is  epithelial  in  character,  jDenetrates  among  the  tissues,  largely  'destroys 
ing  them  and  producing  inflammatory  disturbances. 

There  is  another  peculiarity  which  certain  tumours  show,  and. 
particularly  the  sarcomas  and  cancers,  namely  metasI^ASIS  or  gener- 
alization which  is  another  feature  of  malignancy.     In  the  case 
of  these  tumours,  secondary  growths  spring  up  in  parts  removed  from 
the  primary  tumour.    Doubtless  something  is  carried  from  the  original 
tumour  to  the  remote  part,  and  we  have  to  inquire  by  what  path  this  is 
carried,  or  what  may  be  the  nature  of  the  material.    In  the  case  of 
cancers  the  epithelial  processes  penetrating  into  the  tissues  readily  find 
their  way  into  the  lymphatic  spaces.    Around  a  cancer  there  are  often 
mdications  under  the  microscope  that  the  lymphatics  are  filled  with 
epithehal  masses.     From   these  growths  in  the   lymphatic  spaces 
material  may  be  carried  ofi"  to  distant  parts  of  the  lymphatic  system 
and  cause  secondary  tumours  to  form  there.     Thus,  a  cancerous 
tumour  sometimes  penetrates  into  the  peritoneal  cavity,  which,  of 
course,  is  a  lymph  sac,  and  secondary  tumours  are  sown  up  and  dmvn 
the  peritoneum    The  lymph  sac  of  the  peritoneum  communicates  with 
that  of  the  pleura  by  lymphatic  channels  which  pass  through  the 
diaphragm,  and  it  is  quite  common  to  find  the  cancerous  growth  ex- 
tending into  these  channels,  and  through  them  into  the  pleura,  producing? 
secondary  tumours  there.    In  other  cases  the  secondary  tumours  sprint- 
up  m  the  lymphatic  glands,  and  it  is  always  those  to  which  the  lym 
phatics  aroimd  the  tumour  pass  that  are  first  involved,  something 
passing  ofi-from  the  epithehal  processes  in  the  lymph  spaces  and  being 
conveyed  to  the  lymphatic  glands. 

TOile  this  is  the  course  in  cancers,  we  find  that  in  sarcomas  if 
metastasis  occurs  it  is  by  the  tumour  penetrating  through  the  walls  of 
blood-vessels.  The  material  from  the  tumour  is  therefore  carried  by 
the  blood  and  as  it  is  mostly  the  thin-walled  veins  which  are  thus 
opened  into,  the  metastasis  is  usually  in  this  case  to  the  luno-s 

As  to  the  nature  of  the  material  which  passes  from  the"  tumour  it 

Of  some  land.    Looking  to  a  secondary  cancerous  infection  of  the  peri- 
neum, we  can  hardly  escape  the  conclusion  that  it  is  a  finely  d  vfd^ 
reritonelf    T     r^ '''  ''''  regularly  distributed  over  the 
P  "  "7  ""T  -  -  ^--1-'  i-t  as  if  solid 

leave  to  ^e    Th.  T  .        ^'"^"'^^  ^^^^  '^^7  §ot 

y      lymphatic  glands  and  give  rise  to  the  secondary  tumours  there, 

M 


178 


TUMOURS  OR  MORBID  GROWTHS 


as  it  were  by  embolism.  The  probability  is  that  the  actual  cells  of  the 
tumour  are  carried  off'  and  deposited  at  a  distance.  Perhaps  it  is  not 
the  fully  developed  cells  but  small  rudimentary  ones. 

In  this  connection  it  is  important  to  note  that  the  secondary  tumoui- 
for  the  most  part  exactly  reproduces  the  tissue  of  the  original  one,  even 
to  the  smallest  details,  and  it  is  natural  under  these  circumstances  to 
believe  that  pieces  of  the  original  tumour  are  actually  transported. 

It  has  already  been  stated  that  sarcomas  and  cancers  are  the  tumours 
which  regularly  present  a  malignant  tendency,  but  on  rare  occasions 
other  tumours  also  do  so.  Cartilaginous  tumours  are  not  infre- 
quently MALIGNANT.  Next  to  them  mucous  tissue  tumours  most  fre- 
quently become  malignant,  but  even  fibrous  tumours  have  l^een  observed 
to  do  so,  and  lately  Cohnheim  has  recorded  a  case  of  colloid  goitre  in 
which  secondary  tumours  occurred.  So  that  malignancy  is  not  confined 
to  sarcomas  and  cancers.  On  the  other  hand  tumours  having  the 
structure  of  sarcomas  may  remain  local  to  the  end. 

It  has  been  usual  to  believe. that  this  malignancy  is  dependent  on 
peculiarities  of  the  tumour  itself.    And  when  a  simple  tumour,  as  some- 
times happens,  assumes  malignant  characters,  it  usually  assumes  the 
structure  of  a  sarcoma  or  cancer.    Lately  Cohnheim  has  started  another 
theory,  according  to  which  the  peculiarity  is  not  in  the  tumour  but  in 
the  normal  tissues.    In  the  case  of  a  simple  tumour  the  normal  tissues 
are  able  to  prevent  its  tissue  from  penetrating  into  them,  but  in  the 
case  of  malignant  tumours  the  tissues  have  become  weakened  and  are 
unable  to  fprm  a  barrier  to  their  extension.    When  a  simple  tumour 
becomes  sarcomatous,  it  is  because  the  tissues  around  have  assumed  a 
pecuHar  weakness.    When  pieces  of  a  tumour  are  transported  to  a  dis- 
tance, a  struggle,  as  it  were,  occurs  between  the  tendency  of  the  tissue 
of  the  tumour  to  grow,  and  that  of  the  normal  tissues  to  prevent  its 
growth.    In  the  case  of  a  simple  tumour  the  tissues  assume  the  upper 
hand,  and  cause  the  absorption  of  the  tumour-tissue.    In  the  case  of 
malignant  tumours,  however,  the  tissues  are  too  weak  to  accomplish  this, 
and  the  secondary  tumour  develops.    This  theory  is  too  strained,  and 
all  the  facts  are  much  better  explained  by  supposing  a  special  power  of 
growth  in  the  tumour.    When  a  secondary  infection  of  the  peritoneum 
is  examined,  it  is  difficult  to  believe  that  there  is  anything  but  a  pecu- 
liarly active  agent  and  not  any  speciality  in  the  peritoneal  tissue. 

We  have  still  to  consider  certain  secondary  changes  to  which 
tumours  are  liable.    They  are  exposed  to  the  same  pathological  pro- 
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cesses  as  normal  tissues,  and  in  a  higher  degree.  Thus  we  meet  with 
fatty  degeneration,  which  is  common,  especially  in  quickly  growing 
tumours ;  calcareous  infiltration  in  structures  which  are  obsolete ; 
hcemorrhages,  principally  in  superficial  rapidly  growing  tumours,  when 
the  blood-vessels  are  ill-formed ;  and  necrosis  mostly  in  tumours  near 
the  surface  and  thus  exposed  to  mechanical  irritation,  the  consequences 
of  such  necrosis  being  ulceration  Avith,  it  may  be,  suj)puration,  haemor- 
rhage, decomposition. 

Conditions  like  those  last  named  will  seriously  affect  the  organism  as 
a  whole,  and  they  will  occur  most  frequently  in  the  case  of  malignant 
tumours,  which  grow  quickly,  and  rapidly  come  to  the  surface.  Malig- 
nant tumours  also  affect  the  organism  as  a  whole  by  the  readiness  with 
which  they  extend  to  or  produce  secondary  tumours  in  important  organs, 
and  secondary  cancers  frequently  also  induce  inflammations  as  in  the 
case  of  the  peritoneum  or  pleura. 

It  is  clear  therefore  that  malignant  tumours,  especially  by  bleeding, 
by  ulcerating  and  sloughing,  by  invading  important  parts,  by  produc- 
ing inflammations,  etc.,  have  a  tendency  to  deteriorate  the  system, 
producing  anaemia  and  general  weakness.  If  growing  quickly  they 
also  tend  to  emaciate  by  using  up  the  nutritive  material  of  the  body. 
A  simple  tumour,  if  it  happens  to  be  at  the  surface  and  exposed  to 
mechanical  violence,  may  also  ulcerate  and  produce  serious  constitutional 
results,  but  it  will  be  mainly  in  the  case  of  malignant  tumours  that  these 
results  will  follow.  To  these  conditions  of  the  body  as  a  whole  the 
name  cachexia  is  often  given.  Sometimes  also  the  term  dyscrasia  or 
DIATHESIS  is  used  with  the  meaning  that  there  is  some  peculiar  condi- 
tion of  the  system  preceding  and  inducing  the  formation  of  malignant 
tumours,  but  of  this  there  is  no  evidence,  and  the  changes  in  the 
general  condition  are  always  secondary. 


CLASSIFICATION. 


In  considering  the  individual  forms  of  tumours  the  simplest  possible 
method  of  classification  will  be  adopted.  In  a  work  professedly  on 
pathology  it  will  be  admitted  that  the  structure  of  a  tumour  is  the 
essential  basis  of  classification  and  nomenclature,  and  in  what  follows 
terms  will  be  used  in  what  may  be  called  their  anatomical  sense.  It 
may  be  clmically  convenient  to  designate  tumours  which  present  malig- 
nant properties  as  cancers,  but  it  will  not  do  here  to  group  together  in 
one  class  tumours  of  totally  difl-erent  structure. 
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The  various  tumours  will  be  divided  into  three  groups.  In  the  fir.st 
will  be  included  tumours  whose  tissue  reproduces  a  single  simple  phj'si- 
ological  tissue,  such  as  adipose  tissue,  connective  tissue,  bone.  In  tin 
second  group  are  tumours  into  whose  structure  more  than  one  simple 
tissue  enters,  such  as  tumours  consisting  of  such  complex  structures  u-: 
papillae,  or  even  made  up  of  a  systematic  formation  of  bone,  skin,  etc. 
In  the  last  group  we  have  tumours  which  are  mainly  composed  of  cells, 
or  in  which  cells  predominate.  The  individual  cells  are  not  different 
from  those  of  the  normal  tissues,  but  there  is  an  enormous  new-formii- 
tion  of  them,  with  Httle  tendency  in  them  to  develop  into  a  proper 
physiological  tissue.  The  first  group  may  be  called  simple-tissue 
tumours,  the  second  compound-tissue  tumours,  and  the  third  cellular 
tumours.  This  classification,  it  may  be  remarked,  is  only  used  for 
convenience,  and  does  not  lay  claim  to  logical  consistency. 

A  very  great  advance  has  been  made  in  our  knowledge  of  tumours 
by  the  publication  of  Virchow's  classical  work,  Die  kranJchaften  G'- 
scMuiilste.  From  this  work  many  of  the  following  illustrations  are 
borrowed  by  the  kindness  of  the  author. 


i. 


A.— SIMPLE-TISSUE  TUMOUKS. 


1.— THE  CONNECTIVE-TISSUE  TUMOUE  OE  EIBEOMA. 


TT/^E  have  already  abimdantly  seen  that  connective  tissue  is  frequently 
produced  in  inflammations,  and  it  is  not  surprising  to  find  that 
one  class  of  connective-tissue  tumour  lies  on  the  borderland  of  inflamma- 
tions and  tumours. 


s,V^  nf  ^^--^leP^antiasis  verrucosa  from  labia  majora.  A  tumour  the 
eaoh  l„b,^  ""l^  surface  is  lobulated,  and 

and  ll^nhh?^   "^7*^  projections,  some  fine  and  delicate,  others  • 
Thl         toobbed.    The  epidermis  is  everywhere  somewhat  thick. 
ti^Ll    T-^'l  P*'^''*'?  ''^'■'l  composed  of  thick,  interlacing  connective 
tissue,  which  is  cedematous.  (Viechow.) 

Elephantiasis  arabum  (E.  gr^corum  is  leprosy)  is  a  locahzed 
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thickening  of  the  skin,  beginning  in  attacks  resembling  erysipelas,  at 
first  passing  off  and  then  recurring.  There  is  finally  a  permanently 
progressive  and  apparently  unaccountable  new-formation  of  connective- 
tissue,  and  so  the  characters  of  a  tumour  are  assumed.  The  tissue 
produced  is  a  loose  succulent  connective  tissue,  like  that  of  the  skin 

but  containing  more  cells,  and  so  more  like 
inflammatory  tissue.  The  epidermis  is  also 
thickened,  so  that  the  whole  partakes  of  the 
character  of  an  exaggerated  hypertrophy  of 
the  skin  (Fig  59).  The  new-formation  may 
extend  inwards  to  the  fasciae,  the  intermus- 
cular tissue,  and  even  to  the  periosteum, 
inducing  thickening  of  the  bones  (Fig.  60.) 

The  conditions  here  present  considerable 
analogies  with  those  in  the  infective  tumours. 
There  is  in  both  a  spreading  new -formation 
of  tissue  hke  that  produced  in  inflammation, 
although  in  the  present  case  the  tissue  does 
not  remain  so  long  in  the  granulation  stage. 
To  one  of  those  forms  of  tumours,  namely 
leprosy,  there  is  the  further  resemblance,  that 
elephantiasis  is  endemic  in  certain  localities. 
All  these  facts  may  beheld  as  pointing  to  the 
inference  that  this  disease  is  due  to  a  virus  of 
a  similar  nature  to  that  of  leprosy.    The  re- 
semblance in  pathology  of  the  two  diseases  is 
further  indicated  by  both  having  been  desig- 
nated by  the  same  name,  the  disease  under 
consideration  being  E.  arabum,  and  leprosy  E. 
grajcorum.     The  disease  is  frequently  re- 
garded as  taking  origin  in  obstruction  of  the 
lymphatics.    This  view  is  supported  by  the 
fact  that  the  new-formed  tissue  is  generally 
very  succulent,  as  if  the  spaces  were  overfilled 
with  lymph,  and  there  are  sometimes  dilated 
lymphatics  visible  in  the  hji^ertrophied  skin. 
The  obstruction  produced  by  filaria  sangmnis 
(see  section  on  Parasites)  in  the  lymphatic 
glands  has  been  assigned  as  the  cause,  as  well  as  mere  simple  mdura- 
tions  of  the  glands. 


Pig  60.— Hyperostosis  and  syn- 
ostosis of  the  bones  of  the  leg  and 
foot  in  elephantiasis.  The  bones 
present  everywhere  flat  or  pointed 
Projections.  At  +-+the  tibiaand 
fibula  are  united,  as  they  are  ako 
above  the  anlde-joint.  The  astra- 
galus and  OS  calcis  are  also  united. 

(YlRCHOW.) 


CONNECTIVE-TISSUE  TUMOUE. 


183 


The  commonest  seat  of  elephantiasis  is  the  leg,  and  here  alone  is  the 
name  properly  applicable ;  but  it  is  also  very  frequent  in  the  external 
generative  organs.  It  occurs  also  not  infrequently  in  a  localized  piece 
of  skin,  especially  in  the  scrotum  or  labia  pudendi,  where  a  pro- 
minent outgrowth  is  the  result.  This  may  assume  very  large  dimen- 
sions, becoming  by  and  by  pendulous.  To  such  tumours  Paget  gives 
the  name  Cutaneous  outgrowths,  and  they  sometimes  grow  to 
enormous  size,  hanging  down  from  the  genital  organs  as  far  as  the  knee. 
The  surface  of  the  skin  in  these  tumours,  as  well  as  in  the  more  simple 
cases  of  elephantiasis,  has  a  rough  tuberculated  appearance,  and  some- 
times a  highly  warty  aspect,  as  in  Fig.  59. 

Smaller  tumours  of  similar' structure  sometimes  occur  in  large  num- 
bers, and  to  these  the  name  Molluscum  fibrosum,  or  fibroma  molluscum, 
or  even  elephantiasis  moUusca  is  given.  There  are  cases  of  elephanti- 
asis having  a  certain  resemblance  to  molluscum,  inasmuch  as  there 
are  multiple  tumours  outside  the  main  one,  and  the  growth  seems 
to  be  increasing  by  the  coalescence  of  these.  These  tumours  at  the 
margins  are  sometimes  related  to  the  sebaceous  glands,  and  appear  to  be 
formed  around  them.  In  the  proper  molluscum,  however,  we  have 
multiple  isolated  tumours  beginning  as  little  growths  of  connective 
tissue  in  diverse  regions  of  the  skin,  by  and  by  growing  out  and 
becoming  pendulous.  Thus  we  may  have  hundreds  of  more  or  less 
pendulous  tumours  in  various  parts  of  the  body.  This  purely  fibrous 
molluscum  must  be  carefully  distinguished  from  molluscum  contagiosum, 
a  totally  different  disease,  which  will  be  considered  in  the  section  on 
Diseases  of  the  Skin. 

In  all  the  forms  hitherto  described  the  tumours  have  been  continu- 
ous Avith  the  skin.  Tumours  are  sometimes  met  with,  however, 
composed  of  a  similar  soft  connective  tissue,  but  enclosed  in  a  capsule, 
so  that  they  are  separable  from  the  skin.  To  these  Paget  gives  the 
name  Fibro-cellular  tumours,  and  they  are  met  with  chiefly  in  the 
same  regions  (namely  the  external  organs  of  generation)  as  the  fibro- 
cellular  or  cutaneous  outgrowths  with  which  they  may  be  combined,  the 
skin  over  the  tumours  being  greatly  thickened. 

Hard  Fibromas  or  true  Fibromas  are  exceedingly  dense  tumours 
composed  of  firm  connective  tissue  tightly  interlaced  and  resembhng 
•tendon  in  its  structure.    On  section  they  show  a  brilliant  white  surface 
often  a  concentric  arrangement  of  the  connective-tissue  bundles. 
We  do  not  include  here  the  uterine  fibromas,  which  are  really  muscular 
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tumours,  and  will  be  described  as  such.  Fibromas  are  frequent  in  con- 
nection with  periosteum  and  bone,  especially  on  the  jaws.  Growing 
from  the  periosteum  they  are  sometimes  intimately  connected  with  the 
bone  which  may  be  as  if  buried  in  the  tumour.  Sometimes  the  fibroma 
originates  inside  a  bone.  Fibromas  also  occur  on  fascias  and  mem- 
branes, as  the  dura  mater,  also  rarely  in  the  subcutaneous  tissue  and  on 
nerve  stems.  Just  as  dense  connective  tissue  formed  in  chronic  in- 
flammation may  become  calcified,  so  may  dense  fibromas  be  partially 
infiltrated  "with  lime  salts. 


2.— THE  FATTY  TUMOUE  OR  LIPOMA. 


This  form  of  tumour  consists  of  adipose  tissue  exactly  like  that  of 
the  body,  as  for  instance  the  subcutaneous  adipose  tissue.  Adipose 
tissue  contains  bands  of  fibrous  connective  tissue  which  carry  the  vessels 
and  nerves,  and  so  do  lipomas,  but  in  different  tumours  this  is  vari- 
ously abundant,  the  hardness  or  softness  of  the  tumour  depending 
on  this.  If  there  is  little  connective  tissue  the  tumour  will  be  soft,  and 
may  even  feel  fluctuant.  If  there  is  much  it  will  be  hard,  and  we  may 
even  have  an  approach  to  the  fibrous  tumour,  the  fibro-lipoma.  The 
fibrous  character  may  be  increased  by  irritation,  as  where  a  tumour 
is  exposed  to  friction,  producing  a  kind  of  productive  inflammation 
in  the  tumour. 

Fatty  tumours  are  mostly  surrounded  by  a  distinct  capsule,  but 

sometimes  they  are  continuous  with 
the  surrounding  fat.  Thus  the  fat 
around  the  mamma  may  undergo  such 
1  an  enlargement  as  to  warrant  the 
name  of  tumour  (Lipoma  capsulare). 
Billroth  mentions  a  hpoma  which  had 
o-rown  in  between  the  muscles  of  the 
thigh  in  such  a  way  as  th%t  it  could 
not  be  removed  completely.  Lipomas 
which  are  not  definitely  circumscribed 
may  be  called  diffuse  lipomas. 

Lipomas  are  of  common  occurrence. 
Their  most  frequent  seat  is  under  the 
skin,  especially  of  the  trunk.  They  are 
Fig.  6i.-Lipoma        J^^^^J  ^^txiiSd  rare  under  mucous  membranes,  as  that 

mach  It  was  the  size  of  a  hazei-mit,  biuiaLt-u 

near  the  pylorus  in  the  submucous  tissue.  ^  ^-^^  stomach  (Figure  61),  wherC 
Natural  size.   (ViRCHOW.)  ^ 
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there  is  normally  a  small  quantity  of  fat  corresponding  with  the 
subcutaneous  fat.  They  are  occasionally  met  with  in  connection  with 
serous  and  synovial  membranes,  in  the  ajDpendices  epiploicse  of  the 
intestines  or  the  synovial  fringes.  Very  rarely  they  occur  where  fat 
is  not  present  normally,  as  in  the  kidneys,  brain,  etc.  The  author 
met  with  a  case  in  which  an  elongated  piece  of  fat  lay  on  the  uj)per 
surface  of  the  corpus  callosum.  Lipomas  are  for  the  most  part  single, 
rarely  multiple. 

Fatty  tumours  sometimes  become  PENDULOUS.  Those  in  the  a23pen- 
dices  epiploicse  (figure  62)  are  so  from  the  first,  and  the  neck  of  the 


Fig.  62  -Pendulous  lipoma  of  appendices  epiploicaj  of  colon  A 
pedunculated  tumour  (a)  projects  from  the  general  mass  of  sub- 
serous adipose  tissue  (b).  It  is  twisted  twice  on  its  axis,  and  the 
peduncle  is  vei-y  thin.  (Virchow.) 


polypoid  tumour  may  get  severed,  the  tumour  becoming  a  loose  body  in 
the  pentoneum ;  it  is  similar  ^vith  the  lipomas  of  the  synovial  fringes. 
But  subcutaneous  lipomas  may  become  pendulous  and  polypoid,  and  may 
grow  to  great  dimensions  in  this  form.  There  is  apt  to  be  ulceration  of 
tfie  surface  of  such  tumours,  and  even  haemorrhage.  Besides  these 
changes  we  have  the  occasional  induration  already  mentioned,  and  some- 
times calcareous  infiltration  follows.  Softening  with  the  formation  of  a 
cyst  inside  the  tumour  is  a  rare  occurrence. 
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3.— THE  MUCOUS-TISSUE  TUMOUE  OR  MYXOMA. 

This  form  of  tumour  is  composed  of  MUCOUS  TISSUE,  and  as  this  is 
not  one  of  the  physiological  tissues  of  the  adult,  it  will  be  proper  to 
refer  more  specially  to  its  characters.    The  blood-vessels  of  the  um- 
biHcal  cord  are  padded  and  protected  from  pressure  by  a  gelatinous 
substance  called  Wharton's  jelly.    Under  the  microscope,  this  consists 
of  variously  shaped  cells  separated  by  a  clear  transparent  intercellular 
substance.    The  intercellular  substance  is  of  gelatinous  consistence,  and 
owes  this  character  to  the  fact  that  it  consists  of  a  watery  solution  of 
mucin.    This  substance  is  nearly  alhed  to  albumen,  but  has  the  physical 
characters  that,  when  present  in  even  small  quantity  in  a  solution,  it 
gives  it  a  sticky  gelatinous  character.    Its  chemical  reactions  also  differ 
from  those  of  albumen,  in  respect  that  though  hke  it  precipitated  by 
alcohol,  the  precipitate  is  redissolved  by  water.    Also,  acetic  acid  and 
other   organic  acids  precipitate  mucin,   but  not  usually  albumen. 
The  precipitate  of  mucin  by  alcohol  or  acetic  acid  is  more  mem- 
branous than  that  of  albumen.     The  reaction  with  acetic  acid  can 
be  readily  brought  out  in  AVharton's  jelly,  a  microscopic  section 
showing,  on  adding  acetic  acid,   a  reticulated  precipitate.  These 
reactions  can  also  be  studied  in  the  mucus  from  any  mucous  mem- 
brane, or  in  the  bile  in  which  mucin  is  normally  one  of  the  dissolved 

constituents.  .  -iv  f 

Besides  in  the  umbilical  cord,  mucous  tissue  is  present  m  the  vilh  ot 
the  chorion  of  the  fcetus,  the  viUi  consisting  of  a  covering  layer  of 
epithelium  with  mucous  tissue  internally.     In  the  fcBtus,  it  is  also 
present  in  early  stages  in  the  subcutaneous  tissue  where  it  has  the  place 
of  the  subcutaneous  adipose  tissue,  being,  in  fact,  related  to  fat  very 
much  as  the  temporary  cartilage  is  to  bone.   Some  remains  of  this  tissue 
may  be  met  with  in  the  adult.    Thus,  the  vitreous  humour  of  the  eye 
is  really  composed  of  soft  mucous  tissue,  and  traces  of  ib  have  been 
found  in  places  where  normally  adipose  tissue  exists,  as  under  the  peri- 
cardium, at  the  hilus  of  the  kidney,  subcutaneously  and  m  the  meduUa 
of  bone.    It  appears  that  in  these  positions  there  is  sometimes  a  par  lal 
recurrence  to  the  fcBtal  condition.    The  connective  substance  of  the 
brain,  the  neurogha,  is  alhed  to  mucous  tissue,  and  seems  to  present 
a  proneness  to  return  to  that  form.  _  _  .1..  xtvt.attd 

Of  MUCOUS-TISSUE  TUMOURS  a  very  interesting  form  is  the  hydatid 
MOLE.    Here  the  mucous  tissue  of  the  villi  of  the  chorion  undergoes 
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great  increase,  and  the  result  is  the  transformation  of  the  vilh  into 
congeries  of  oval,  cyst-like  bodies  which  hang  Hke  grapes  on  a  stalk,  and 
often  hang  one  on  the  other  (Fig.  63).  Thus  a  bulky  mass  often 
results,  consisting  of  an  enormous  multitude  of  these  berrydike  cysts. 
If  the  change  has  begun  early  in  foetal  life,  then  the  whole  chorion  is 


Fig.  63.— Portion  of  a  hydatid  mole  showing  the  ben-y-like 
masses.    Natural  size.  (Virchow.) 

thus  converted ;  if  later,  when  the  vilK  have  become  confined  to  the 
placental  surface,  then  only  one  surface  is  aifected.  The  dead  and 
blighted  fcetus  ^vill  be  found  inside  the  mass,  generally  in  an  early  stage 
of  development,  but  sometimes  more  advanced. 

Proper  mucous-tissue  tumours  are  met  with  principally  in  the 
subcutaneous  tissue,  where  they  may  be  regarded  as  perhaps  due  to  a 
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piece  of  embryonic  tissue  left  over  when  the  mucous  tissue  was  converted 
into  adipose,  in  this  respect  resembling  the  chondromas  of  bone.  They 
form  rounded  or  oval  tumours  generally  soft,  sometimes  almost  fluc- 
tuant in  consistence  and  gelatinous  in  appearance.    Examined  under 

the  microscope  we  have  a 
very  translucent  tissue  in  the 
midst  of  which  there  are  ir- 
regularly shaped  cells.  The 
tissue  is  intersected  by  more 
or  less  frequent  bands  of  con- 
nective tissue  (Fig.  64).  The 
proportion  of  cells  varies  con- 
siderably in  different  cases, 
and  even  in  different  parts 
of  the  same  tumour. 

Myxomas  are  also  of 
somewhat  frequent  occur- 
rence in  the  brain  as  com- 

Fig.  64.— Microscopic  section  of  a  myxoma  of  the  sub-  pared  with  Othcr  tUUlOUrS 
cutaneous  tissue.    Isolated  cells  and  strands  of  fibres  ,  .  T^ere  thcv 

are  shown.    Between  them  a  clear  gelatinous  material    lU    tUlS    OrgaU.       Xieie  une^ 

was  present,  x  350.  sometimes  grow  to  consider- 

able size,  and  are  liable  by  softening  to  take  the  form  of  cysts 
filled  with  a  mucous  fluid.  They  are  also  met  with  on  peripheral 
nerves.  They  occur  in  the  mamma,  where  not  infrequently  they 
appear  to  have  the  character  of  a  diffuse  formation  of  mucous 
tissue  between  the  glandular  acini,  so  that  the  gland  as  a  whole  is 
converted  into  a  tumour.  In  the  sahvary  glands  they  occur,  but  are 
usually  of  mixed  structure,  being  partly  formed  of  other  kinds  of 

Considering  the  relations  of  adipose  tissue  and  mucous  tissue  it  is 
not  remarkable  that  mixed  forms  occur  in  which  apparemiy  a  partial 
conversion  of  the  myxoma  into  a  hpoma  is  in  progress,  or  conversely  a 
metamorphosis  of  the  lipoma.  Then  also  the  myxomas  vary  very 
greatly  in  the  proportion  of  cells,  the  very  cellular  ones  being  called 
medullary  myxomas,  and  frequently  graduating  into  sarcomas.  In 
fact,  with  pathologists  who  take  the  embryonic  nature  of  the  tissue  as  the 
criterion  of  sarcomas,  the  fact  that  mucous  tissue  is  the  embryonic 
precursor  of  adipose  tissue  induces  them  to  class  this  form  of  tumour 
among  the  sarcomas.  Consistently  Avith  these  facts  there  are  some 
myxomas  which  show  malignant  characters,  either  local  or  general. 
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In  a  case  recorded  by  Virchow  (Fig.  65)  there  were  tumours  on  the 
nerves  and  in  the  dura  mater  of  the  cord  and  brain. 


Fig.  65 — Malignant  myxoma  lipomatodes  of  the  long  saphenous  nerve.  A  Section  S 
External  appoarance.  The  tumom-  measiu-ed  2J  x  i|  inches.  At  A,  the  nerve  fibres  are 
seen  to  be  for  the  most  part  on  the  outside  of  the  tumour,  which,  however,  was  completely 
covered  by  the  neurilemma.    Internally  the  tumour  is  lobulAted,  and  it  presented  a 


4.-THE  CARTILAGINOUS  TUMOUE  OE  CHONDEOMA. 

This  tumour  is  composed  of  cartilaginous  tissue.  The  cartilage  may 
be  hyaline  or  fibrous,  generally  the  latter.  The  tumour  is  also  intersected 
with  fibrous  bands  which  carry  blood-vessels  that  nourish  the  tissue. 
If  a  cartilaginous  tumour  grows  in  connection  with  and  out  from 
cartilage  it  is  called  an  Ecchondrosis,  but  if,  as  in  the  majority  of 
cases,  it  grows  in  connection  with  other  tissues,  then  it  is  called  an 
Enchondroma.    The  term  chondroma  of  course  includes  both. 
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The  ecchondroses  are  usually  small  unimportant  outgrowths  chiefly 
of  the  cartilages  of  the  larynx  and  trachea  and  ribs.    Virchow  has 
described  an  interesting  form  of  so-called  ecchondrosis  at  the  basilar 
portion  of  the  occipital  and  sphenoid  bones.    The  basilar  parts  of 
these  bones  are  formed  from  cartilage,  and  in  adult  life  they  are  united, 
forming  a  single  bone  (os  tribasilare).  The  junction  takes  place  irregularly 
by  a  kind  of  toothed  union.    In  this  process  a  Uttle  bit  of  cartilage  may 
be  omitted,  and  this  sometimes  develops  into  a  little  tumour  just  under 
the  basilar  artery  to  which  it  may  be  adherent.    It  will  be  seen  that  we 
have  here  an  actual  instance  of  a  httle  piece  of  embryonic  tissue  left 
over  to  develop  afterwards  into  a  tumour.    This  little  tumour  some- 
times undergoes  a  remarkable  change ;  the  cells  swell  up  and  become 
like  those  of  the  chorda  dorsalis,  but  in  other  cases  it  ossifies. 

The  cartilaginous  loose  bodies  in  joints  are  sometimes  regarded 
as  originally  outgrowths  from  the  cartilages  or  synovial  fringes  which 
have  been  broken  off  and  grown  after  their  separation. 

Enchondromas  are  mostly  met  with  IN  connection  with 
Bones.  As  bones  are  developed  out  of  cartilage  for  the  most  part,  it 
may  be  supposed  that  httle  bits  of  the  embryonic  cartilage  are  left  over 
and  develop  into  tumours  afterwards.  The  enchondromas  of  bone  may 
be  divided  into  central  and  peripheral,  according  as  they  originate  in 
the  medulla  or  at  the  surface.    The  former  are  the  more  common,  and 

they  are  met  with  chiefly  in  early  Hfe, 
occurring  especially  in  the  fingers  and  toes, 
which  may  be  the  seat  of  multiple  tumours 
as  in  figure  66.     These  tumours  begin 
inside  the  phalanges  or  metacarpal  bones, 
or,  less  frequently,  the  analogous  bones  of 
the  foot.    Growing  inside  the  bones  they 
may  be  for  a  time  unperceived,  but  after- 
wards swell  up  the  bones  and  may  even 
burst  through  the  external  shell.  These 
tumours  often  show  a  local  malignancy, 
growing  by  the  formation  of  new  nodules 
in  the  tissue   around.     The  peripheral 
Fig.  66.— Multiple  internal  enchon-  p>,onrlromas  are  met  with  most  frequently 

dromata  of  fingers.  (Cornil  and  Ran-  '-^^^"^^ "  -,       i   .  i  .  i,. 

viER.)  on  the  femur  and  pelvis,  and  most  rarel} 

on  the  bones  of  the  face  and  skull. 

In  soft  parts  chondromas  are  found  occasionally,  but  are  commonly 
mixed  with  fibrous,  mucous,  glandular,  sarcomatous,  or  cancerous  tissue. 
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They  are  particularly  frequent  in  glands,  as  the  testes,  ovaries,  mammae, 
or  salivary  glands.  In  these  situations  they  are  occasionally  found  to 
follow  chronic  irritations. 

In  their  form  chondromas  are  generally  rounded  tumours  and  dis- 
tinctly encapsuled,  but  if  large  they  are  lobulated. 

It  has  already  been  said  that  the  enchondromas  are  often  mixed  with 
other  tissue,  and  it  is  to  be  added  that  secondary  changes  are  not  in- 
frequent. They  sometimes  soften,  and  this  is  frequently  due  to  par- 
tial transformation  into  mucous  tissue.  This  is  particularly  the  case 
with  the  glandular  enchondromas.  On  the  other  hand,  those  of  bone 
are  liable  to  ossify. 

Lastly,  chondromas  are  liable,  as  has  already  been  said,  to  show  a 
certain  malignancy,  forming  secondary  tumours,  especially  in  the  lungs. 
This  is  connected  with  the  frequently  mixed  character  of  these  tumours 
and  their  association  especially  with  sarcomas  and  cancers. 

5.— THE  BONY  TUMOUE  OE  OSTEOMA. 

In  this  class  are  included  tumours  composed  of  bone,  not  mere  new- 
formations  due  to  inflammation,  nor  tumours  in  which  bone  exists  as 
a  subordinate  element  with  other 
tissue. 

The  immense  majority  of  bony 
tumours  grow  from  bone,  and  are 
hence  called  exostoses.  In  re- 
gard to  their  structure,  some  are 
Hke  spongy  bone  with  the  inter- 
stices filled  with  ordinary  bone- 
marrow,  and  some  are  composed 
of  dense  bone  such  as  forms  the 
shaft  of  a  long  bone,  and  are 
called  ivory  exostoses.  There 
are  even  tumours  which  origin- 
ate in  the  teeth.  When  these 
■are  composed  of  cement,  they 
are  called  dental  osteomas,  but 
when  formed  of  dentine,  odonto- 
mas. Several  forms  are  to  be 
distinguished. 

(1.)  The  SPONGY  exostosis,  (vS?how/''^'''^"°"^ 

or  the  exostosis  cartilaginea  (Fig.  67).    These  tumours  occur  mostly  at 
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the  epiphyses  of  the  long  bones,  and  are  derived  ]:»rimarily  from  the 
epiphyseal  cartilage.  They  grow  during  childhood,  and,  just  as  the 
cartilage  from  which  they  originate  ossiiies,  so  do  th^y,  and  the  bony 
tumour  formed  is  directly  continuous  with  the  bone  beneath.  The 
tumour  begins  as  a  small  outgrowth,  and  so  the  first  bone  formed  is 
a  narrow  piece.  The  cartilage  as  it  goes  on  growing  enlarges  in  every 
direction,  and  so  overhangs  its  base,  the  tumour  thus  becoming  larger 
as  it  grows  outward,  and  consequently  peduncujateil.  The  tumour 
consists  of  spongy  bone  with  a  thin  layer  of  cai-tilage  on  its  surface.  It 
is  enough  to  snip  through  the  base  in  order  to  remove  the  tumour, 

(2.)  The  ivory  exostosis  is  mostly  met  with  on  the  bones  of  the 
head,  but  also  on  the  pelvis,  scapula,  great  toe,  etc.    The  tumours  are 

usually  rounded  in  form, 
/Ek  and  ma,y  be  tuberculated 

on  the  surface.  In  their 
favourite  seat  on  the  head 
they  may  grow  from  the 
external  table  and  project 
externally,  or  from  the  in- 
ternal table  and  [project 
internally  (as  in  Fig.  68), 
in  which  case  they  may 
produce  irritation  of  the 
brain  substance  beneath. 
It  sometimes  happens  that 
an  ivory  exostosis  grows 

Fig.  68.— Internal  ivory  exostosis  of  the  frontal  bone.  The  fpom  COrrespOlldiuff  partS 
surface  is  tuberculated,  and  the  tumoiu-  has  a  narrow  base.  ^  . 

It  was  situated  to  the  left  of  the  faLx  (/).    Natural  size,  gf  both  external  and  iu- 

(ViBCHow.)  ternal  tables.  These  tum- 

ours are  sometimes  multiple,  as  in  Figure  69. 

(3.)  Hyperostosis  and  periostosis  are  names  appHed  to 
growths  of  bone  which  are  not  properly  tumoui-s.  They  are  localized 
thickenings  of  bones  or  portions  of  bones.  This  growth  of  particular 
parts  of  the  bones  of  the  head  may  become  so  independent  in  its  manner 
that  the  characters  of  a  tumour  are  simulated. 

Osteomas  of  other  parts  than  bones  are  rather  rare.  It  is  remark- 
able, however,  that  bony  masses  occur  sometimes  in  the  central  nervous 
system.  They  are  met  with  in  the  arachnoid,  where  they  used  to  be 
regarded  as  evidences  of  chronic  irritation,  and  are  hardly  tumours. 
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Actual  tumours  occur  in  the  dura  mater,  and  even  in  the  brain  sub- 
stance. They  are  also  met  with  in  the  eyeball,  in  the  lungs,  and,  as 
little  bony  granules,  in  the  skin. 


Fig.  69.-Multiple  exostoses  of  the  frontal  bone.    Natural  size.  (Virchow.) 


6.-THE  MUSCULAE-TISSUE  TUMOUE  OE  MYOMA, 
These  are  tumours  in  which  muscular  tissue  is  the  essential  constitu- 
ent, but  just  as  all  muscles  have  supporting  connective  tissue  so  have 
these,  some  more,  some  less.  As  there  are  two  kinds  of  muscle,  so  are 
there  two  forms  of  muscular  tumour,  those  composed  of  striated,  and 
those  of  smooth  muscle. 

The  Myoma  strio-cellulare  or  labdo-myoma  is  very  rare, 
iumours  of  this  structure  have  been  observed  in  the  heart,  where  they 
are  congenital.  They  have  also  been  seen  in  the  kidneys,  ovaries, 
a^d  testicles,  where  the  tissue  consists  usually  of  spindle-shaped  cells. 
Which  are  transversely  striated,  and  so  the  tumours  are  often  called 
myo-sarcomas  on  account  of  their  cellular  character. 
eJ.V  MYOMA  (M.  l^vi-cellulare  or  leiomyoma)  is  an 

exceedingly  common  form  of  tumour,  and  is  met  with  in  almost  every 
part  where  smooth  muscle  exists  nomaally.  According  to  the  amount 
^d  density  of  the  interstitial  connective  tissue  is  the  consistence  of  the 

rZvT  "^'^^  ^^""'^  n^me  fibro-myoma,  or  it 

may  be  so  hard  as  to  resemble  cartilage. 

Myomas  are  often  described  as  fibrous  tumours,  and  in  appearance 
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they  justify  this  designation.  To  the  naked  eye  they  appear  fibrous 
on  section,  and  even  under  the  microscope  they  appear  to  be  formed  of 
fibres.  On  adding  acetic  acid  to  a  microscopic  section,  or  staining  with 
carmine  or  other  agent,  the  fibres  are  seen  to  be  much  more  abundantly 
nucleated  than  ordinary  connective  tissue.  In  fact,  rod-shaped  nuclei 
(not  spindles  as  in  connective  tissue)  are  so  closely  set  as  at  once  to 
suggest  a  cellular  tissue  (see  Fig.  70).    It  may  here  be  remarked  that 


Fig.  70.-Section  of  a  myoma  of  the  uterus  stained  with  carnAne.    The  muscularnucle 
are  seen  in  longitudinal  and  transverse  section,    x  d5U. 

in  the  unimpregnated  uterus  there  is  the  same  difficulty  in  distinguish- 
ing the  individual  spindle-cells.  In  both  cases,  however,  the  cells  may 
be  isolated  by  macerating  the  tissue  for  twenty-four  hours  m  a  20  per 
oent.  solution  of  nitric  acid,  or  for  twenty  to  thirty  minutes  m  a  34 
per  cent,  solution  of  caustic  potash.  This  makes  the  tissue  rotten,  and 
separates  the  cells,  which  are  recognized  as  spindles  (as  m  Fig.  71). 

Myomas  always  arise  where  muscle  already  exists,  and  as  smooth 
niuscle  is  most  frequent  in  the  walls  of  mucous  canals  and  ca^aties  i 
is  there  that  they  usually  originate.    The  tumour  may  be  continuous 
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with  the  muscular  wall,  forming  an  outgrowth  from  it,  or  it  may  be 
distinctly  isolated  and  encapsuled.  It  may  remain  in  the  substance  of 
the  muscular  wall  (intraparietal  or  intramural),  or  it  may  slip  inwards 
so  as  to  bulge  under  the  mucous  membrane  (submucous),  or  it  may  pass 
outward  and  present  under  the  serous  coat  (subserous).  In  the  two 
latter  cases  the  tumours  often  become  polypoid. 

By  far  the  most  fre- 
quent seat  of  the  myoma 

is  the  FEMALE  ORGANS 
OF    GENERATION,  most 

frequently  the  uterus, 
but  also  the  ligaments 
and  ovaries.  The  so- 
called  uterine  fibroids 
are  myomas,  and  the 
most  important  of  these 
are  the  submucous  which 
so  frequently  become 
polypoid,  and  give  rise 
to  haemorrhage,  slough- 
ing, etc.  In  the  pros- 
tate the  hypertrophy 
frequently  met  with  in  old  men  is  really  from  the  formation  of  a 
muscular  tumour,  and  the  third  lobe  which  forms  a  prominent  bulging 
projection  at  the  neck  of  the  bladder  is  an  outgrowth  from  the  muscle 
of  the  prostate.  Sometimes  there  are  even  isolated  muscular  tumours 
in  the  midst  of  the  prostate.  This  form  of  tumour  is  to  be  distinguished 
from  the  glandular  tumour,  which  is  a  much  rarer  form  of  hypertrophy 
and  occurs  mostly  in  young  men.  Myomas  of  the  STOMACH  and  intes- 
tine are  infrequent,  and  are  usually  submucous.  They  have  also  been 
seen  in  the  urinary  bladder,  Lastly,  they  are  rarely  met  with  in  the 
skin,  one  or  two  cases  in  connection  with  the  nipple  and  the  scrotum 
have  been  observed. 

The  myoma  is  of  SLOW  growth,  but  many  go  on  as  long  as  30  or  40 
years,  and  many  reach  a  very  great  weight,  as  much  as  60  lbs.  Re- 
trograde CHANGES  may  occur,  such  as  fatty  degeneration,  resulting  in 
shrinking  or  the  formation  of  cysts.  If  induration  occurs  from  forma- 
tion of  hard  connective  tissue,  this  may  calcify,  leaving  the  muscular 
tissue  in  the  spaces  between  the  calcified  trabecule.  In  some  cases, 
from  derangements  of  the  circulation  in  large  tumours,  we  may  have  an 


Fig.  71. — Muscular  fibre  cells  from  a  myoma  isolated  by 
steeping  in  nitric  acid,    x  360. 
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actual  necrosis  of  a  portion  of  the  muscular  substance,  resulting  some- 
times in  absorption  and  the  formation  of  a  cyst.  In  other  cases,  the 
dead  structures  become  calcified  as  in  Fig.  72,  where  muscular  ele- 
ments, connective  tissue,  and  walls  of  blood-vessels  were  all  found 


Fi<v  n  -From  a  myoma,  a  portion  of  which  had  become  calcified,    a  muscular 
fibre'celi;'  impregnated  witli  lime  salts ;  h,  a  blood-vessel  with  wall  mcrusted.    X  350. 

impregnated  with  lime.  As  the  myomas  so  readily  become  polypoid, 
they  are  hable  to  be  insufficiently  nourished,  as  the  neck  gets  tliinner; 
sloughing  may  even  occur,  especially  if  they  present  on  a  mucous  sur- 
face, and  are  exposed  to  injury.  Such  tumours  are  also  liable  to  bleed, 
especially  as  the  vessels  in  them  sometimes  undergo  great  dilatation. 

7.-THE  NEEVOUS-TISSUE  TUMOUE  OE  NEUEOMA. 

By  the  name  neuroma  is  often  understood  a  tumour  which  grows 
on  a  nerve  stem,  and  this  use  of  it  may  be  convenient  for  surgical  pur- 
poses Here  we  have  to  consider  tumours  according  to  their  structure, 
and  if  a  fatty,  mucous,  or  fibrous  tumoui'  grows  on  a  nerve,  it  is  to  be 
embraced  in  its  own  class.  Tumours  on  nerves,  but  not  of  nervous 
structure,  are  designated  false  neuromas.  ; 

But  there  are  tumours  composed  essentially  of  nervous  tissue.  As 
there  are  two  kinds  of  nerve  tissue,  the  central  or  ganghomc  and  the 
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fibrous  or  fascicular,  it  might  be  expected  that  we  should  have  two 
Mnds  of  neuromas.  But  jDractically  we  have  no  such  thing  as  a  tumour 
composed  of  ganglionic  nerve  tissue,  although  central  nervous  tissue 
•does  occasionally  enter  into  the  composition  of  a  teratoma. 

The  TRUE  NEUROMA  is  composed  of  nerve 
fibres,  which  may  be  either  medullated,  as 
in  the  ordinary  cerebro-spinal  nerve,  or  non- 
medullated.    One  of  the  most  striking  forms 
is  the  so-called  amputation  neuroma  (Fig. 
73).  Sometimes  after  amputations  the  cut 
■ends  of  the  nerves  produce  httle  knots  or 
knobs  which  have  a  hard  consistence  and 
to  the  naked  eye  look  fibrous.    Under  the 
microscope  medullated  nerve  fibres  are  found 
running  in  bundles,  but  there  are  also  many 
fine  fibres  which  are  probably  non-medullated 
nerve  fibres.    It  is  in  this  case  as  if  the  cut 
«nd  of  the  nerve  had  made  an  attempt  at 
regeneration  of  the  lost  portion.  Allied 
to  this  form  is  the  traumatic  neuroma, 
result  of  injury  in  the 


occurring  as  the 
•course  of  a  nerve. 
But 


Fig.  73.  —  Amputati  on-n  eiiroma. 
The  nerves  end  in  knobbed  ex- 
tremities.   The  case  -was  one  of 


neuromas  occur  in  the  course  of 

.,iv,i»jii,iv.o.     iiic  uciBc  wiia  one  o: 

nerves  spontaneously,  and  thev  are  often  '"disputation  in  the  upper  arm, 

^„U-  1      £        •  I  Two-thirds  of  the  natural  size. 

multiple,  forming  oval  swellings,  hard  and  (Virchow.) 

fibrous  in  appearance.    They  contain  much  fibrous  tissue,  in  the  midst 


of  which  there  are  medullated  nerve  fibres  (see  Fig.  74)  recognizable  in 
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the  fresh  state  by  the  double  contour,  especially  when  the  connective 
tissue  has  been  rendered  transparent  by  acetic  acid  or  liquor  potassae. 
But  usually  in  addition  to  these  medullated  fibres,  there  are  fine 
nucleated  fibres  which  Virchow  regards  as  non-medullated  nerve  fibres. 
In  some  neuromas  these  are  very  abundant. 


The  PAINFUL  SUBCUTANEOUS  TUMOUR,  or  Wood's  tumour,  is  a 
somewhat  difficult  growth  to  classify.  It  occurs  in  the  form  of  a  small 
round  tumour  under  the  skin,  and  is  commonly  the  seat  of  intense 
pain.  The  pain  indicates  some  connection  with  the  nerves,  and  it  has 
been  suggested  that  the  tumour  may  even  be  a  non-medullated 
neuroma.  According  to  Virchow  there  are  tumours  of  various  struc- 
ture in  this  category,  myomas,  angiomas,  neuromas.  Recently  Hoggan 
has  described  one  which  he  believes  to  be  an  adenoma  of  the  sAveat- 
o-lands,  but  which  Virchow  rather  takes  to  be  an  angioma.    In  the 

CD  ' 


case  from  which  our  figures  are  taken  (Figs.  75  and  76)  the  tumour 
consisted  of  a  dense  interlacing  network  of  fibres,  very  suggestive  of  the 
appearance  of  a  myoma  (Fig.  74).  On  macerating  portions  m  nitnc 
acid  the  tissue  broke  up  into  large  spindle  cells,  as  shown  m  Fig.  /O. 


VASCULAR  TUMOUR  OR  ANGIOMA. 
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This  tumour  is  probably  a  myoma  of  the  skin,  and  several  others 
examined  by  the  author  had  a  similar  structure. 


Fig.  76. — From  same  tumovir  as  Fig.  75,  after  maceration  in  nitric  acid.  Large 
spindles  are  isolated,  probably  smooth  muscle  cells,    x  350. 

8.— THE  YASCULAE  TUMOUE  OE  ANGIOMA. 


We  have  here  a  tumour  com230sed  of  blood  or  lymphatic  vessels. 
Several  forms  are  distinguished  according  to  the  kind  of  vessels  which 
form  the  tumour. 

The  commonest  form  is  (1)  the  plexiform  or  capillary  ANGIOMA. 
This  includes  most  of  the  vascular  nsevi,  and  consists  of  capillary  and 


8efnVL~sScia°llv^^^'twl;V?r  K  diffuse  venous  nseviis.    The  large  simisos  (shaded  are) 
cu  TO  lie  superhcially  between  the  hair-foUicles  and  glands.  (Virchow.) 

intermediate  vessels  forming  a  rich  plexus.    It  is  mostly  a  growth  of 
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the  skin,  and  may  be  very  small  or  cover  a  large  area,  forming  a  flat 
soft  surface  of  dark  or  bright  hue.  It  is  nearly  always  congenital, 
although  it  may  increase  in  size  after  birth.  These  capillary  naevi 
graduate  into  those  consisting  of  dilated  veins,  the  VENOUS  or  varicose 
nsevi  (Fig.  77).  They  have  similar  situations  to  the  capillary  form  and 
similar  appearances. 

(2)  The  CAVERNOUS  ANGIOMA  consists  of  tissue  like  that  of  the 
corpus  cavernosum  of  the  penis  or  clitoris,  namely  a  network  with 
meshes  which  communicate  freely  and  are  filled  with  blood,  ^^^len 
empty  they  are  seen  to  be  composed  of  a  pale  tissue,  in  its  texture 
resembling  a  sponge,  with  variously  thick  trabeculse  and  variously 
wide  spaces.  These  trabeculse  are  all  accurately  lined  with  endo 
thelium,  and  consist  of  connective  tissue  with  some  muscular  fibre- 
cells  in  them.  These  tumours  are  erectile  and  sometimes  pulsatile. 
Sometimes  the  tumour  merges  into  the  neighbouring  vessels  Avithout 
distinct  boundary,  but  sometimes  it  has  a  distinct  connective 
tissue  capsule,  which,  however,  appears  to  be  a  secondary  formation. 
Sometimes  also  they  are  indurated  in  the  centre,  and  the  induration 
may  gradually  lead  to  the  obliteration  of  the  spaces  and  the  destruction 
of  the  tumour.    These  tumours  are  not  so  usually  congenital  as  the 

former  kind,  but  they 
come  on  in  childhood  at 
latest,    and    they  may 
^iiy  f>  develop  out  of  the  other 
I'jM'^^  form. 

The  skin  is  a  frequent 
seat  of  the  cavernous  an- 
gioma, esjjecially  that  of 
the  face  or  head,  but  also 
sometimes  of  the  trunk 

Fig  7  S.— Cavernous  angioma  of  liver.    The  fibrous  septa  are  qj.  Umbs.      They  are  alsO 
shown.    The  spaces  between  were  occupied  with  blood  durmg  ^ 

life.  X90.  met  with  m  the  hver, 

not  forming  prominent  tumours,  but  simply  replacing  a  piece  of  liver 
tissue  by  cavernous  tissue  (see  Fig.  78). 

(3)  Cavernous  tumours  communicating  Avith  the  lymphatics  and 
filled  with  lymphatic  fluid  have  been  described,  and  are  designated 
cavernous  lymphangiomas. 
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9.— THE  GLANDULAR  TUMOUR  OR  ADENOMA. 

As  there  are  many  glands  of  different  structure,  so  are  there  various 
forms  of  adenoma. 

(1)  The  MAMMARY  GLANDULAR  TUMOUR  is  a  form  concerning  which 
there  is  some  difference  of  oiDinion.  Glandular  tissue  is  frequently 
present  in  sarcoma  of  the  mamma,  and  this  is  expressed  in  the  name 
adenoid  sarcoma.  Again,  cancers  of  the  mamma  take  origin  in  the 
glandular  tissue,  and  it  may  sometimes  be  doubtful  whether  we  have  a 
cancer  or  an  adenoma  before  us.  But  besides  these,  we  meet  with  dis- 
tinct isolated  growths  in  the  mamma  whose  tissue  imitates  that  of  the 
gland  itself,  except  that  there  are  no  excretory  ducts.  The  tumour  occurs 
in,  or  over,  or  under  the  gland,  sometimes  as  if  it  were  a  supernumerary 
breast.  It  is  markedly  lobed  and  varies  in  consistence  according  to  the 
predominance  of  gland  tissue  or  connective  tissue.  Under  the  micro- 
scope we  find  lobes,  consisting  of  groups  of  acini  or  terminal  gland 
structures  lined  with  glandular  epithelium  (Fig.  79). 


seSJth7t.tH=r?  Si  Glandiilar  structures  are 

seen  m  the  midst  of  fibrous  tissue,  but  without  proper  ducts. 

(2)  In  the  PROSTATE  gland  we  occasionally  have  a  new-formation  of 
gland  tissue,  leading  to  enlargement  of  the  gland,  but  this  forms  a  very 
small  proportion  of  the  hypertrophies  of  the  prostate. 

(3)  Mucous  POLYPI  are  very  frequent  forms  of  tumour,  and  are 
inostly  composed  of  hypertrophied  mucous  glands.    They  form  pendul- 
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ous  tumours,  generally  on  mucous  membranes  which  have  been  the  seat 
of  chronic  inflammation.  There  are  some  polypi  of  mucous  membranes 
which  do  not  consist  of  gland  tissue,  especially  those  of  the  ear  and  of 
the  female  urethra  (the  urethral  caruncles).  Elsewhere,  as  in  the  nose, 
rectum,  stomach,  uterus,  they  are  usually  composed  of  masses  of  muc- 
ous gland  tissue  covered  with  epithelium  of  the  kind  existing  in  the 
mucous  membrane  where  they  grow,  cylindrical  in  the  stomach  and 
rectum,  ciliated  in  the  nose.  Very  frequently  from  closure  of  their 
ducts,  the  mucous  glands  develop  cysts.  These  polypi  may  generally 
be  regarded  as  evidences  of  chronic  catarrh  of  the  mucous  membrane 
in  which  they  are  found. 

(4)  The  THYROID  ADENOMAS  form  a  large  proportion  of  the  goitres 
or  BRONCHOCELES.    The  thyroid  gland  consists  of  vesicles  lined  with 
epithelium,  these  vesicles  being  grouped  into  lobules.    A  goitre  may 
consist  in  a  simple  enlargement  of  the  whole  gland,  or  of  a  single  lobe 
of  it,  or  it  may  be  due  to  the  formation  of  isolated  tumours  consisting 
of  gland  tissue.    In  the  case  of  apparent  simple  enlargement  the  vesicles 
may  be  found  greatly  increased  in  size  and  many  of  them  filled  with 
colloid  material.    In  the  same  case  the  various  stages  of  colloid  meta- 
morphosis, as  it  affects  the  epithelium,  may  be  observed.    These  colloid 
vesicles  may  coalesce  and  form  considerable  cysts.    In  other  cases  there 
is  a  distinct  new-formation  of  glandular  tissue,  the  tumour  consisting 
largely  of  vesicles  of  normal  size.    But  the  new-formed  vesicles  are  also 
prone  to  undergo  colloid  degeneration.    Where  distinct  isolated  tumours 
exist,  there  is  of  course  a  great  new-formation  of  gland  tissue,  and  here 
also  there  is  often  colloid  change.    In  all  the  forms  secondary  changes 
are  frequent.    We  have  already  seen  that  cysts  form.    Then  blood 
may  be  extravasated  into  cysts  or  into  the  interstitial  tissue,  and  though 
subsequently  absorbed  the  pigment  remains.    Caseous  degeneration  may 
affect  the  extravasated  blood  or  even  the  glandular  tissue,  and  calcareous 
infiltration  sometimes  ensues,  so  that  great  changes  may  occur  in  the 
characters  of  the  tumour.   The  relation  of  the  colloid  goitres  to  tumours 
is  very  distinctly  evidenced  by  the  observation  of  a  case  by  Cohnheim 
in  which  secondary  tumours  developed  by  metastasis,  the  tumours 
occurring  in  the  lungs,  lymphatic  glands,  and  elsewhere  ha\dng  the 
structure  of  the  thyroid  with  colloid  degeneration. 

(5)  Adenomas  are  of  occasional  occurrence  IN  the  liver,  consisting 
of  liver  tissue.  There  may  be  a  single  tumour  or  many,  and  the  tu- 
mours may  be  distinctly  encapsuled  or  not.  They  consist  of  liver- 
tissue  arranged  in  lobules,  but  the  hepatic  cells  are  larger  than  normal, 
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and  contain  more  nuclei.  They  usually  show  fatty  metamorphosis. 
Similar  multiple  adenomas  of  the  liver  are  of  frequent  occurrence  in 
dogs.  In  addition  to  this  form,  we  shall  see  in  the  section  devoted  to 
diseases  of  the  liver  that  a  form  occurs  sometimes  designated  adenoma, 
in  which  the  tissue  follows  the  type  of  tubular  glands  rather  than  that 
of  the  liver. 

Among  the  adenomas  we  might  include  tumours  of  lymphatic  gland 
tissue,  but  these  will  be  more  conveniently  considered  afterwards  under 
the  lymphomas. 

10.— THE  GLIOMA. 

This  is  a  tumour  with  the  structure  of  the  connective  tissue  of  the 
central  nervous  system,  the  neuroglia.  In  examining  a  section  of  the 
brain  substance,  it  is  difficult  to  tell  what  is  really  nervous  structure, 
and  what  the  supporting  connective  substance,  but  when  we  examine 
the  surfaces  of  the  ventricles  we  find  that  the  ganglion  cells  and  nerve 
fibres  fall  away,  and  just  at  the  surface  or  ependyma  we  have  what  is 
presumably  a  purely  connective  substance.  When  hardened  sections 
are  examined,  this  is  seen  to  consist  of  a  finely  reticulated  network  of 
fibres  and  round  or  shghtly  elongated  cells.  In  the  fresh  state  the 
fibres  are  not  obvious,  and  we  have  a  granular  material.  This  con- 
nective substance  has  some  of  the  characters  of  mucous  tissue,  and 
seems  allied  to  it. 

The  ghoma  as  it  occurs  in  the  brain  does  not  usually  form  an  isolated 
tumour,  but,  being  continuous  with  the  brain  substance,  has  more  the 
appearance  of  a  swelling  of  part  of  the  brain.  It  is  seen  also  that  the 
diff"erent  shades  of  colour  of  diff'erent  parts  of  the  brain  are  lost  when  a 
glioma  takes  their  place.  G-Homas  sometimes  occur  as  small  granular  or 
warty  projections  on  the  surface  of  the  ventricles,  but  the  more  import- 
ant ones  involve  considerable  portions  of  the  brain  substance. 

Under  the  microscope  the  glioma  is  seen  to  resemble  the  neuroglia, 
but  the  cells  are  much  more  abundant  There  is  a  well-developed 
fine  or  coarse  net-work  and  in  it  cells  Avith  oval  nuclei.  The  cells 
present  considerable  variety  in  size.  Gliomas  being  soft  and  some- 
what cellular  tumours,  are  liable  to  secondary  changes.  Haemorrhage 
not  infrequently  occurs,  and  the  blood  causing  pressure  around,  the 
case  may  end  like  one  of  haemorrhagic  apoplexy.  The  tumour  may 
also  undergo  fatty  or  caseous  metamorphosis,  and  if  a  hmited  haemor- 
rhage has  occurred  the  clot  may  change  in  a  similar  way.  In  this 
manner  a  tumour  which  had  originally  the  appearance  of  brain  sub- 
stance may  change  considerably. 
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Gliomas  occur  also  in  the  retina,  forming  soft  tumours  which  fill  up 
the  eyeball.  The  true  glioma  is  an  innocent  tumour,  but  sometimes  it 
assumes  a  sarcomatous  character  and  malignancy  is  developed. 


11.— THE  BEAIN  SAND  TUMOUE  OE  PSAMMOMA. 

The  pineal  gland  contains  calcareous  particles  like  grains  of  sand,  and 
tumours  are  met  with  in  which  similar  particles  are  present.     It  is 

necessary,  of  course,  to  distinguish 
these  from  tumours  in  which  simply 
a  secondary  calcareous  infiltration 
has  occurred.  The  psammoma  is 
composed  of  soft  connective  tissue  in 
the  midst  of  which  there  are  calcare- 
ous masses  in  the  form  of  irregular 
globes,  rods  or  spines.  (See  Fig. 
80.)  The  commonest  form  is  the 
globe,  which  has  rounded  projections 
on  its  surface  like  a  berry.  The 
origin  and  significance  of  these  masses 
is  obscure.  The  tumours  are  met 
with  in  the  pineal  gland  and  choroid 

Fig.  80.— From  a  psammoma  of  the  dura  pleXUS — USUally  Small.  They  alsO 
mater.     Dark  calcareous  rods  and  masses  are  •      ,i      j  j.  +Tini- 

Sen  in  a  fibrous  tissue,  x  90.  occur  in  the  dura  mater,  where  the} 

form  half  globular  tumours  sometimes  as  large  as  a  cherry  and  either 
smooth  or  irregular  on  the  surface. 


B._COMPOUND-TISSUE  TUMOURS. 

1.— THE  CYSTIC  TUMOUE  OE  CYSTOMA. 

A  cyst  is  a  cavity  having  well-defined  walls  and  containing  material 
which  is  more  or  less  fluid.  Some  cysts  are  formed  simply  by  the 
transformation  of  existing  structures,  and  it  is  clear  that  according 
to  our.  definition  of  tumours  these  do  not  come  under  that  designation,  as 
they  are  not  pieces  of  tissue  which  grow  independently  without  regard 
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to  the  needs  of  the  organism.  There  are  other  cysts,  however,  which  do 
owe  their  origin  to  the  independent  new-formation  of  tissue,  and  there- 
fore deserve  the  name  of  tumours.  The  two  forms  are  so  similar 
in  appearance  that  it  would  be  inconvenient  to  separate  them  rigidly, 
and  mthout  aiming  at  logical  accuracy  we  shall  here  consider  the  cysts 
as  a  whole.  If  necessary  the  name  Cystoma  may  be  reserved  for  strictly 
cystic  tumours. 

Mode  of  formation  of  cysts.    As  already  indicated  cysts  varj 
greatly  in  regard  to  their  mode  of  origin.    Some  of  them  arise  out  of  a 
pre-existing  cavity,  very  often  by  accumulation  in  it,  in  the  first  place, 
of  its  normal  contents.    Thus  a  gland  will  become  a  cyst  by  its  duct 
becoming  obstructed.  Cysts  arising  thus  are  often  designated  retention 
CYSTS.    But  other  cysts  arise  simply  by  softening  of  existing  tissue,  the 
softened  material  being  absorbed  and  fluid  taking  its  place.  This, 
as  we  have  seen,  often  occurs  in  the  brain,  resulting  in  the  apoplectic 
CYST.    Again,  we  may  have  cysts  arising  by  a  distinct  new-formation  ; 
a  preliminary  tissue  is  formed,  generally  something  like  that  of  a  gland,' 
and  this  is  afterwards  transformed  into  a  cyst  somewhat  in  the  fashion  of 
the  retention  cyst.    Instead  of  following  out  these  modes  of  formation 
It  Avill  be  more  convenient  to  give  some  examples  of  cysts,  and  their 
mode  of  origin  will  come  up  for  discussion  as  each  is  considered. 

Cysts  of  the  skin  appear  to  arise  in  many  cases  from  sebaceous 
glands.    The  duct  becomes  obstructed  by  inspissated  secretion  or  ad- 
hesion of  Its  walls,  and  the  sebaceous  material  accumulates  behind 
Such  a  cyst  may  attain  some  size,  and  contains  mainly  fat,  cholestearine 
and  epidermic  scales.    From  the  nature  of  their  contents  such  cysts  are 
often  designated  atheromatous.     Their  wall  consists  of  connective 
tissue  with  a  hmng  of  epidermis,  which  may  present  papillary  projections. 
They  occur  mostly  on  the  head  and  face,  and  are  often  called  wens, 
iiesides  these  we  sometimes  meet  with  more  complex  cysts  in  the  skin 
and  these  are  congenital  in  their  origin,  probably  arising  by  inclusion  of 
tZl^  r  77?  «kin,  containing 

ZaT  ^r    '^^^^^  S^^^^^'  -en  sweat 

.lands.     These  are  called  dermoid  cysts,  and  they  contain  a  less 

«s  material  than  the  former  ones,  their  contents  consLing 
-  holestearme  and  epidermis  often  with  loose  hairs 

Id    n  ^  ""^^        P'"'^^*'  '^'^  ^hi^f  «ites  being  the  nostrils 

arynx,  the  oesophagus,  and  m  connection  with  the  glands  of  Cowiier  and 
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Bartolini.  Of  these  a  very  typical  form  is  the  Ranula,  whose  origin  and 
mode  of  formation  has  been  carefully  studied  by  Recklinghausen. 

It  has  long  been  taught  that  these  cysts  arise  by  obstruction  of  ducts 
and  accumulation  of  the  contents  behind  them,  but  this  scarcely  ex- 
plains the  continuous  enlargement  of  the  cysts  after  they  have  l^een 
formed.    It  might  be  supposed  that  the  epithelium  lining  the  cysts 
would  secrete  mucus  and  so  add  to  the  contents,  but  there  is  the  objec- 
tion to  this  that  the  epithelium  loses  its  glandular  character,  and  there 
are  no  goblet  cells  to  be  found  in  it.     The  real  state  of  matters 
appears  to  be  that  the  cyst  forms,  not  out  of  the  gland,  but  from 
its  duct,  and,  the  gland  persisting,  its  secretion  is  thrown  into  the 
cyst.    This  is  shown  in  Fig.  81,  copied  from  Reckhnghausen's  paper. 
It  would  thus  aj)pear  that  the  persistence  of  the  gland  is  an  essential 
element  in  the  formation  of  the  cyst.    In  the  enlargement  of  the  cyst 
the  power  which  mucin  has  of  swelhng  up  and  absorbing  water  is  of 
some  consequence.    A  small  amount  of  mucin  formed  by  the  gland  and 
discharged  into  the  cyst  ^vill  swell  up  and  add  considerably  to  its 
contents.    Before  a  regular  cyst  forms,  the  orifice  of  the  duct  is  o]> 
structed,  usually  by  an  inflammation  around  it.    But  on  account  of  the 
pecuharity  of  mucin  just  noticed,  a  small  temporary  cyst  may  form 
without  any  considerable  obstruction  of  the  duct.    If  a  quantity  of 
mucin  is  discharged  into  the  duct  it  may  swell  so  much  as  to  be  unable 
at  once  to  escape  from  the  orifice  and  so  form  a  small  cyst,  which  after- 
wards discharges.  In  this  way  cysts  often  form  in  the  mucous  membrane 
of  the  mouth. 


a 


Fi.  81  -Formation  of  mucous  cysts  ;  a,  the  persistent  mucous  gland  tissue  ;  b,  the 
dilated  duct,    x  300.    (Recklinghausen.)  _ 

It  has  already  been  noted  that  cysts  arise  in  mucous  polypi,  ana 
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they  have  a  similar  mode  of  formation  to  that  just  described.  The 
obstruction  of  the  orifices  is  here  the  more  hkely,  as  the  jDolypus 
itself  usually  originates  in  connection  with  a  chronic  inflammation  of  the 
mucous  membrane. 

Cysts  of  the  thyroid  gland  have  been  already  referred  to  as 


,  .^^S-  S2. -Hydronephrosis  with  gi-anular  atrophy  of  the 
kidney  The  other  kidney  showed  a  marked  compen- 
satory hypertrophy.  (Virchow.) 

taking  origin  in  the  vesicles  of  the  gland,  but  they  may  also  have 
origin  in  softening  of  the  tissue  of  the 
gland.    Sometimes  one  or  more  cysts 
attain  very  large  dimensions  in  the 
thyroid. 

In  THE  KIDNEY  we  have  frequent 
cysts,  most  of  which  arise  by  obstruction, 
and  are  to  be  classed  as  retention  cysts. 
By  obstruction  of  the  ureter  the  con- 
dition of  hydroneiDhrosis  is  brought 
about,  in  which  the  whole  kidney  goes 
to  form  a  cyst  (Fig.  82).  Obstruction 
of  the  uriniferous  tubules  by  tube-casts, 
or  more  commonly  by  the  contraction  of 
new-formed  connective  tissue,  produces 
cysts  in  the  kidney  substance  which 
may  be  of  microscopic  size,  or  large 
enough  to  be  seen  by  the  naked  eye. 
These  cysts  are  multiple.  We  some- 
times meet  with  a  single  cyst  of  lar^e  83— Congenital  cystic  kidney  from 

''i™,  with  a  definite  lining  membrane,  IF'"^'""- •>"S  S^^^^^^ 
^'nd  obviously  of  old  date.    Such  cysts  byVst'cYSSSi.)'""  ™ 
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are  probably  congenital,  and  owe  their  origin  to  foetal  closure  of  one  oi- 
more  tubuli  uriniferi.  Again,  the  whole  kidney  may  be  converted  into 
a  congeries  of  cysts  large  and  small,  filled  with  serous  or  bloody  fluid, 
the  outline  of  the  organ  being  greatly  enlarged  (Fig.  83).  These  also 
are  congenital  in  their  origin,  and  probably  arise  by  foetal  closure  of  the 
tubuli  uriniferi.  In  all  these  cases  the  cysts  contain  a  serous  fluid, 
although,  in  some  of  them  at  least,  urine  has  been  the  primary  contents ; 
after  a  time,  however,  the  urinary  constituents  are  absorbed,  and  serous 
fluid  alone  remains. 

The  GALL  BLADDER  may  be  converted  into  a  cyst  by  obstruction  of 
its  duct.  It  is  the  secretion  of  the  mucous  glands — a  mucous  material 
— which  accumulates  and  produces  the  distention, ;  but  after  a  time  this 
gives  way  to  a  serous  fluid,  and  the  bladder  is  converted  into  a  large 
thin  sac  full  of  a  watery  serum.  There  may  be  a  formation  of  cysts  in 
the  substance  of  the  liver  by  obstruction  of  the  hepatic  ducts  in  their 
finer  ramifications.  Obstruction  of  the  common  hepatic  duct  produces 
a  distention  of  the  ultimate  terminations  of  the  duct,  but  not  a  proper 
cystic  formation. 

The  VERMIFORM  APPENDAGE  is  sometimes  converted  into  a  cyst  by 
obstruction  of  its  orifice.  At  first  mucus  accumulates,  and  even  when 
the  cyst  is  of  large  size  the  contents  may  remain  of  a  gelatinous  consist- 
ence. But  here  also  there  is  a  tendency  to  simplification  of  the  wall, 
involving  atrophy  of  the  mucous  glands,  so  that  there  results  a  thin- 
walled  cyst,  consisting  of  connective  tissue  with  merely  a  lining  of 
epithehum,  and  the  contents  generally  cease  to  have  the  mucous- 
character. 

The  OVARIES  are  very  frequently  the  seat  of  cysts.  They  may  arise 
by  simple  accumulation  of  serous  fluid  in  the  Graafian  vesicles,  a  dropsy  of 
these  (Fig.  84),  but  in  the  great  majority  of  cases  a  definite  new-formation 

precedes  the  cystic  development.  This  consists 
in  the  production  of  tubular  or  gland-like  struc- 
tures out  of  which  cysts  develop  apparently  by 
closure  of  their  orifices.  In  this  way  multitudes 
of  cysts  are  formed,  and  as  this  tissue  is  contm- 
ually  being  produced  there  is  a  progressive 
new-formation  of  cysts.  Very  often  one  or 
more  cysts  become  predominant,  and  they  en- 
Fig.  84.-Dropsy  of  Graafian  i  coalcsceuce  of  othcrs,  but  there  is 

vesicles  in  ovary  of  a  gn-1  ton  ^<^>^a^      J  „       r  ^-i  4..  fViaf 

years  of  age.  (Virchow.)  always  evidcncc  m  the  walls  of  the  cysts  tnai* 
new-formation  is  progressing.    These  cysts  contain  originally  a  mucous 


THE  PAPILLAEY  TUMOUR  OR  PAPILLOMA. 


209 


or  colloid  material,  which  may  be  variously  modified  by  fatty  changes, 
haemorrhage,  and  inflammation.  Similar  cysts  are  occasionally,  though 
very  rarely,  met  with  in  the  testicle. 

The  ovaries  are  also  the  seat  of  cysts  which  will  be  referred  to  after- 
wards as  teratomas. 

Cysts  occur  in  tumours,  and  are  particularly  common  in  mammary 
tumours,  especially  the  adenoid  sarcomas.  There  is,  in  fact,  a  form  of 
sarcoma  designated  cysto-sarcoma.  The  cysts  here  appear  to  originate 
from  the  glandular  structures.  The  glandular  acini  dilate,  much  in  the 
manner  of  retention  cysts.  When  the  cyst  has  formed,  the  sarcomatous 
tissue,  apparently  growing  in  the  direction  of  least  resistance,  very 
often  grows  into  the  cyst,  and  may  even  fill  it  up  with  an  intracystic 
growth. 


2. -THE  PAPILLAEY  TUMOUR  OE  PAPILLOMA. 


By  this  name  is  meant  a  tumour  composed  of  a  congeries  of  exagger- 
ated paiDillse  hke  those  of  the  skin,  or  like  the  villi  of  mucous  membranes. 
A  papilla  or  villus  consists  of  a  basis  of  connective  tissue  in  which  there 
is  a  loop  of  capillary  blood-vessel,  and  a  covering  of  epithelium.  The 
epithehum  is  like  that  of  the  surface  concerned,  and  may  be  stratified  or 
in  a  single  layer. 

Their  commonest  situation  is  the  skin,  where  they  form  the  wart, 
which  is  an  overgrowth  of  a  group  of  existing  papillae  covered  with  hard 
epidermis.  At  the  surface  of  the  wart  the  papillge  may  be  covered  over 
with  a  continuous  layer  of  epidermis,  or  the  individual  papillge  may  pro- 
ject independently.  The  horn  is  also  formed  on  the  basis  of  a  group 
of  papillae,  but  the  hard  horny  epidermis  is  greatly  developed,  and 
forms  a  consistent  outgrowth  of  considerable  dimensions.  The  condy- 
loma is  a  syphilitic  outgrowth  due  to  exaggeration  of  the  papillfe,  with 
very  soft  epidermis.    These  occur  near  the  genital  organs  mostly. 

On  mucous  membranes  papillomas  may  be  gathered  into  a  local 
tumour,  or  cover  a  considerable  surface,  giving  it  a  shaggy  villous 
appearance.  In  the  larynx  (Fig.  85)  they  often  form  locaHzed  pro- 
mment  tumours,  especially  on  the  vocal  cords.  They  are  not  uncommon 
m  the  rectum.  In  the  urinary  bladder  they  are  of  considerable 
importance  on  account  of  their  tendency  to  ha3morrhage.  In  this  situa- 
tion they  may  form  distinct  tumours  with  long  branched  papilte,  or 
there  may  be  a  large  surface  which  is  simply  villous  in  appearance. 


0 


Fig.  85. —Papilloma  of  larynx  :  e,  epithelium  ;  h,  connective  tissue  ;  g,  mucous 
glauds  ;  f,  an  atrophied  gland,    x  20.    (Cornil  and  Ranvikr.) 


The  PACCHIONIAN  BODIES  of  the  encephalon  are  really  papillary 
formations,  and  Dr.  Cleland  has  described  large  tumours  of  this  region 
which  seemed  to  arise  by  extreme  hyperplasia  of  these  papillae. 


3.— TEEATOMA. 

This  name  has  been  applied  by  Virchow  to  tumours  in  which  a 
number  of  very  different  tissues  enter  into  the  structure.  The  name  is 
derived  from  repas,  a  monster.  The  tumour  contains  various  struc- 
tures of  the  body  as  if  from  an  ill-arranged  foetus.  Thus  we  may  have 
in  such  tumours  skin,  bone,  muscle,  glands,  nervous  tissue. 

These  tumours  probably  arise  by  the  abnormal  inclusion  of  a  whole 
embryo  or  a  portion  of  one.  They  are  most  frequently  met  with  in 
positions  where  double  monsters  are  usually  attached  to  each  other, 
namely  in  the  sacral  region,  or  further  up  the  back,  and  the  head  and 
neck.  They  are  also  somewhat  frequent  in  the  ovary  where  the}-  may 
arise  by  a  kind  of  equivocal  generation,  the  germinal  vesicle  endeavour- 
ing to  develop  some  of  the  perfect  tissues  of  the  body. 
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The  SACRAL  TERATOMAS  and  those  of  the  head  and  neck  are  the 
more  typical  ones.  They  frequently  contain  pieces  of  bone  which 
simulate  the  bones  of  the  fcBtus,  also  brain  substance  and  muscle.  Con- 
sidering that  these  tumours  develop  so  frequently  in  the  ordmary  places 
of  union  of  double  monsters,  they  may  safely  be  regarded  as  representing 
twin  pregnancies  in  which  one  of  the  fcBtuses  has  grown  over  and 

included  the  other.  x  -u 

The  teratomas  of  internal  ORGANS  do  not  usually  represent  such 

.  complete  systems  or  so  many  different  tissues 
as  the  sacral.  They  are  most  frequent^  in 
the  ovaries,  but  also  occur  in  the  perito- 
neum, testes,  lungs,  and  so  on. 

In  these  situations  they  occur  in  the  form 
of  cysts,  approaching  in  structure  to  the 
DERMOID  CYSTS  of  the  skin  and  often 
grouped  along  with  them  as  dermoid  cysts, 
but  having  usually  a  more  complex  struc- 
ture. These  cysts,  and  especially  those  of 
the  ovary,  usually  present  at  some  part  of 
their  wall  a  structure  similar  to  that  of  the 
skin.  There  is  corium  with  epidermis,  and 
well  developed  hair  follicles  with  hairs  in  1_ 

them  (Fig.  86).    The  sebaceous  glands  are    ^.^     _^       ^^,^^1^  ^^^^  ^.^^^ 
often  specially  developed  so  that  a  portion  a^ds^^^^^^^^^^ 
of  the  wall  may  present  little  more  than 

open-mouthed  glands.  Then  there  is  frequently  bone  in  the  wall,  and 
in  the  bone  there  may  be  teeth.  More  rarely  are  muscle  and  nervous 
tissue  represented. 

The  contents  of  these  cysts  vary  according  to  the  structure  of  the 
wall.  There  is  usually  a  great  accumulation  of  fat  secreted  by  the 
sebaceous  glands,  so  that  we  may  have  masses  like  lumps  of  butter. 
These  are  often  mixed  with  silky  hairs,  which  are  regularly  shed  from 
the  hair  follicles  just  like  the  normal  hairs  of  the  skin.  Then  there  are 
sometimes  teeth  mixed  with  the  other  contents,  these  being  shed  also 
at  intervals.  As  many  as  300  teeth  have  thus  been  found  free  in 
such  a  cyst. 
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C— CELLULAR  TUMOURS. 
1.— SAECOMA. 

Definition. — In  its  literal  meaning  this  term  simply  means  a  fleshy- 
tumour,  and  it  was  formerly  applied  in  a  very  indefinite  way.  In  the 
hands  of  Virchow,  however,  it  includes  a  group  of  tumours,  which, 
though  in  certain  respects  differing  in  structure,  yet  present  such 
features  in  common  that  they  form  a  consistent  class  by  themselves. 
The  sarcomas  may  be  defined  as  tumours  which  in  their  structure 
follow  the  type  of  one  or  other  of  the  connective  tissues,  but  differ 
in  respect  of  the  great  prej)onderance  of  the  cellular  elements,  and 
also  in  respect  that  the  cells  are  more  or  less  embryonic  in  their 
character. 

Structure  and  Classification. — The  structure  of  sarcomas  has 
been  somewhat  aptly  compared  to  that  of  inflammatory  new-forma- 
tions. We  have  already  seen  that  the  tendency  of  these,  as  exem- 
plified in  the  granulating  wound,  is  to  develop  into  connective  tissue. 
The  round  cells  pass  into  spindle-cells  and  then  the  connective  tissue 
develops  out  of  the  latter.  The  round  and  spindle  cells  may  thus 
be  regarded  as  the  preparatory,  or  in  a  certain  sense  embryonic 
stage  of  connective  tissue.  In  sarcomas  we  have  tumours  composed 
of  round  cells  and  tumours  composed  of  spindle  cells  without  any  ten- 
dency to  further  development,  as  if  the  embryonic  form  had  been 
stereotyped  for  the  whole  life  of  the  tumour.  Besides  these  forms 
sarcomas  sometimes  contain  giant-cells  (myeloplaques).  We  knoAV  that 
cells  of  this  nature  occur  normally  in  growing  bones  where,  as  Wegener 
and  Kolliker  have  shown,  they  exercise  an  important  function 
(osteoclasts)  and  they  are  not  unknoAvn  in  granulation-tissue,  even 
apart  from  bone.  They  also  are  to  be  regarded  as  connective-tissue 
structures,  and  as  belonging  to  a  developmental  stage  of  connective 
tissue. 

In  their  MODE  OF  GROWTH  also  it  may  be  said  that  the  sarcomas 
resemble  inflammatory  new-formations.    They  very  often  form  tumours 
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of  considerable  size,  and  may  even  be  encapsuled,  as  if  the  tissue 
simply  increased  like  that  of  a  simple  tumour.  But  they  present  a 
pecuHar  tendency,  which  has  been  already  mentioned,  to  incorporate 
neighbouring  structures.  We  have  seen  that  in  the  disposal  of  dead 
animal  tissue,  such  as  a  thrombus,  or  a  catgut  ligature,  the  inflammatory 
tissue  advances,  and,  as  it  were,  moulds  itself  in  the  first  place 
on  the  dead  structure,  copying  its  general  form.  So  an  advancing 
sarcoma  will  incorporate  the  living  tissues  and  mould  itself  on 
them,  repeating  their  rougher  anatomical  details  in  tissue  of  its  own 
Mnd. 

In  such  cases  it  sometimes  seems  as  if  the  sarcoma  in  advancing 
were  inducing  the  neighbouring  tissues  of  themselves  to  become 
sarcomatous  in  structure,  and  in  the  case  of  connective  tissue  which 
is  present  everywhere,  we  can  easily  suppose  that  by  proliferation 
of  its  cells  it  might  become  sarcomatous.  It  is  not  impossible 
that  this  actually  occurs,  but  it  is  more  probable  that  the  proper 
tissue  of  the  tumour  disposes  of  and  displaces  the  existing 
tissues. 

It  has  been  said  already  that  sarcomas  follow  in  their  type  the  vari- 
ous connective  tissues  of  the  body,  and  it  might  be  possible  to  divide 
them  according  as  one  or  other  form  is  the  type.    So  Yirchow  indicates 
the  division  into  fibrosarcoma,  myxosarcoma,  gliosarcoma,  chondro- 
sarcoma, osteosarcoma,  melanosarcoma,  to  which  some  would  add, 
myosarcoma  and  neurosarcoma,  if  muscle  and  nerve  are  regarded  as  con- 
nective tissues,  and  lymphosarcoma  if  lymphatic  gland  tissue  be  taken 
as  belonging  to  this  group.    It  will  be  convenient  to  follow  a  different 
arrangement,  however,  and  we  shall  describe  sarcomas  according  to 
their  structure  apart  from  any  inferences  as  to  the  type  which  they 
follow.    It  is  to  be  added  that  the  structure  of  the  individual  tumour 
is,  as  a  rule,  remarkably  homogeneous.    We  often  find  cells  heaped  on 
cells  without  any  intersecting  bands  of  connective  tissue.    In  other 
tumours  the  blood-vessels  are  supported  and  the  tumour  intersected 
by  a  kind  of  stroma,  equivalent  to  the  interstitial  connective  tissue  of 
muscles,  glands,  etc.,  but  here  there  is  rarely  any  fully  developed 
connective  tissue,  and  the  blood-vessels  are  in  immediate  contact  with 
the  cells. 


Varieties. — (1)  The  round-cell  sarcoma  (Fig.  87)  is  also  called  the 
granulation  sarcoma  and  the  encephaloid  sarcoma.  It  is  comj)osed  of 
round  or  slightly  oval  cells  generally  about  the  size  of  white  blood  cor- 
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puscles  but  sometimes  much  larger.  It  is  an  exceedingly  soft  tumour, 
often  half  diffluent,  and  has  usually  a  grey  medullary  appearance.  Its 

blood-vessels  are  in  the  form 
mainly  of  large  capillaries  whose 
walls  are  embryonic  in  structure 
and  often  present  varicose  or  an- 
eurismal  dilatations.  The  ves- 
sels are  liable  to  rupture,  and  so 
these  tumours  often  present  in- 
terstitial haemorrhage.  Between 
the  cells  there  may  be  some  in- 
tercellular substance.  This  is 
sometimes  homogeneous  and  be- 
comes opaque  with  acetic  acid 
(myxosarcoma),  or  it  may  be 
somewhat  fibrous  or  reticulated. 

This  form  of  sarcoma  is  met 
with  in  the  skin  Avhere  it  may  ori- 
ginate in  a  congenital  soft  wart  or  mole,  in  the  subcutaneous  tissue,  in  the 
bones — forming  the  majority  of  the  so-called  medullary  cancers — in  the 
muscles,  in  the  glands  es^Decially  the  mamma  and  testicle,  in  the  brain 
and  elsewhere.  Being  a  soft  tumour  with  delicate  vessels  it  more  readily 
produces  secondary  tumours  by  metastasis  than  other  sarcomas.  It  is 
also  usually  a  tumour  of  rapid  growth  and  commonly  imperfectly  de- 
limited from  the  surrounding  tissue. 

(2)  The  spindle-cell  sarcoma  (Fig.  88)  is  also  called  the  fibro- 
sarcoma and  corresponds  with  Paget's  class  of  recurrent  fibroids,  and 


Fig.  87. — Section  of  a  round-celled  sarcoma  of  the 
brain.  A  thin-walled  vein,  with  blood  corpuscles  in 
it,  divides  the  section,    x  175. 


Fig.  SS.— Large  cells  from  a  spindle-celled  sarcoma,    x  300. 

Lebert's  group  of  fibro-plastic  tumours.  The  cells  are  spindle-shaped 
like  those  in  the  deeper  layers  of  a  granulating  wound,  and  there 
is  little  or  no  intercellular  substance,  the  tumour  being  composed 
of  masses  of  spindle  cells.     They  are  arranged  in  bundles  which  to 
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a  certain  extent  interlace  like  the  bundles  of  fibre-cells  in  the 
myoma.  There  are  great  varieties  in  the  size  of  the  cells,  some 
tumours  being  composed  of  very  small  cells,  and  these  are  usually 
soft,  while  at  the  opposite  extreme  are  cases  where  the  spindles  are 
gigantic.  When  viewed  in  mass  the  individual  spindles  may  not  be 
apparent,  but  they  are  usually  easily  isolated,  unlike  the  fibre-cells  of 
the  myoma.  These  tumours  are  usually  firmer  than  the  round-cell 
sarcomas  except  the  small-celled 
forms,  and  may  even  approach 
the  fibroma  in  hardness. 

The  spindle-cell  sarcoma  oc- 
curs frequently  in  the  perios- 
teum, and  in  that  case  is  firmly 
attached  to  the  bone.  It  is  also 
met  with  in  or  under  the  skin 
(see  Fig.  89),  in  muscles,  in  the 
testicle,  etc.  It  is  a  frequent 
tumour  in  the  mamma,  and  here 
it  not  infrequently  forms  the 
adenoid  sarcoma  and  the  cystic 
sarcoma,  the  latter  of  which 
deserves  more  particular  notice. 

In  the  CYSTIC  SARCOMA  there 
is,  along  with  the  proper  sarcom- 
atous tissue,  a  certain  amount  of  glandular  tissue  (see  Fig  90).  In  some  cases 


Fig.  89. — Large  fungating  spindle-celled  sarcoma  .of 
the  foot.  (ViRCHOW.) 


Fig.  90.  —  Section  of  an  adenoid  sarcoma  of  the  mamma.  Glandular 
masses  are  seen  with  a  very  celliilar  interstitial  tissue,    x  90. 
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the  gland  acini  dilate  and  the  sarcomatous  tissue  projects  into  the  cysts 
thus  formed.  In  this  way  the  cyst  which  has  now  solid  contents  is 
sometimes  enlarged  by  the  intracystic  growth.  The  ingrowing  tissue 
is  covered  with  epithelium  which  is  usually  more  or  less  columnar. 
When  these  sarcomas  recur  the  glandular  tissue  does  not  reappear, 
but  there  is  often  an  appearance  of  the  sarcomatous  tissue  which 
suggests  an  arrangement  like  that  around  glandular  structures. 

The  spindle-cell  sarcoma  is  sometimes  a  distinctly  defined  tumour, 
but  often,  as  in  the  case  of  the  periosteal  form,  its  boundaries  are  not 
defined,  and  it  advances  by  incorporating  neighbouring  structures. 
Although  prone  to  return  after  removal,  it  has  less  tendency  than  the 
round-cell  form  to  give  rise  to  secondary  tumours  by  metastasis. 

(3)  Myeloid  or  giant-cell  sarcoma  (Fig. 
91)  is  a  tumour  in  which  the  giant-cell  is  char- 
s^^/aI!^  acteristic,  but  never  forms  the  only  sarcoma- 

•  ^^^^^^^^^  element,  there  being  generally  spindle- 

Mj^S'^lmC'f^  cells  and  sometimes  round-cells  in  great  abun- 

v^^^^^l^^^-^^<Ji?^        dance.    The  giant-cells  are  in  greater  or  smaller 
jj'|i;«;^clc^^^;^^^^^        number  m  proportion  to  the  others,  and  m  the 
.;uii,?v)\'>5r^^^5hx:s;.:5,x^-^AK  .1  same  tumour  they  may  present  various  pro- 
portions in  different  parts.    The  tumour  tis- 
sue is  soft  and  very  often  of  a  brown  colour. 
Cysts  not  infrequently  develop. 

The  myeloid  sarcoma  occurs  in  connection 
Fig.  91.  —  Giant-ceu  sarcoma,  with  bonc,  and  most  frequently  grows  from 

the  medulla.  This  is  especially  the  case  with 
the  long  bones,  Avhere  the  tumours  originate  in  the  cancellated  tissue 
at  the  extremity — the  most  usual  situation  being  the  lower  end  of 
femur  or  upper  end  of  tibia.  As  the  tumour  grows  it  has  a  gi-eat 
power  of  destroying  the  bone  before  it,  so  that  by  and  by  it  eats  through 
the  external  layer,  and  may  thus  produce  fracture  of  the  bone.  At  the 
same  time  there  is  commonly  new-formation  of  bone  so  that  a  new 
external  shell  is  formed  continuous  with  the  shaft,  and  internal  septa 
representing  a  coarse  cancellated  structure.  The  tumour  tissue  is  thus  fre- 
quently contained  in  bony  loculi,  and  after  maceration  the  shell  of  the 
tumour  looks  like  a  bulbous  ex]3ansion  of  the  end  of  the  bone  with  bony 
septa  internally.  Having  broken  through  the  external  layer  of  the  bone, 
the  tumour  may  proceed  into  the  muscular  and  other  tissues,  the  tumour 
tissue  being  repeated,  both  the  soft  myeloid  tissue  and  the  bony  septa. 
Myeloid  sarcoma  is  also  met  with  outside  bones,  groT\dng  from  the 
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periosteum,  especially  of  the  jaws.    Many  tumours,  to  which  the  name 
EPULIS  is  given,  are  myeloid  sarcomas. 

(4)  The  OSTEOID  SARCOMA  is  a  tumour  which  deserves  special 
notice.  It  is  the  form  which  Paget  has  very  skilfully  described  under 
the  name  of  osteoid  cancer.  The  disease  occurs  most  frequently  at  the 
lower  end  of  the  femur,  where  it  usually  develops  both  within  and  with- 
out the  shaft,  but  sometimes  outside  alone.  The  main  mass  is  composed 
of  bone  which  is  usually  very  dense,  but  on  the  surface  a  tissue  is  found 
out  of  which  the  bone  is  being  developed.  This  consists  of  dense  fibres 
which  are  very  abundantly  nucleated.  These  dense  fibres  are  really 
cells,  and  they  present  varieties  of  shape  often  tending  to  the  stellate 
form.  The  new  bone  is  developed  out  of  them,  and  is  usually  very 
irregular  in  structure,  the  bone  corpuscles  often  large  and  with  no 
proper  arrangement  as  in  normal  bone.  The  tumour,  as  it  advances, 
often  presents  nodules  slightly  removed  from  the  main  mass,  and  it  also 
forms  secondary  tumours  in  the  lungs  or  in  the  lymphatic  glands. 
These  repeat  the  ossifying  tissue. 

(5)  Melanoid  OR  PIGMENTED  SARCOMA  always  originates  in  a 
situation  where  pigment  already  exists,  the  eye  or  skin.  The  cells  of 
which  it  is  composed  are  usually  spindle-shaped,  but  may  be  round,  and 
from  the  first  they  tend  to  the  aggregation  of  brown  or  black  pig-  . 
ment  in  their  substance.  The  pigment  aggregates  first  around  the 
nucleus,  but  is  very  irregular  in  its  distribution.  In  a  melanotic 
tumour  there  may  be  bits  unpigmented,  and  even  in  the  pigmented 
parts  some  cells  are  free  from  pigment. 

The  melanotic  sarcomas  have  a  great  tendenc}''  to  metastasis,  and  as 
the  material  is  conveyed  by  the  blood  there  are  pigmented  tumours 
formed  in  a  great  variety  of  organs  and  tissues  where  they  may  grow 
to  great  dimensions,  though  the  original  tumour  may  be  very  small. 

It  is  necessary  to  distinguish  from  these  proper  melanotic  sarcomas 
those  which  become  pigmented  from  blood.  In  the  former  the  pigment 
is  broAvn  or  black  from  the  first,  being  obviously  elaborated  by  the  cells. 
In  the  latter  the  j)igment  is  red  or  yellow,  and  the  pigmentation  may  be 
related  to  a  special  weakness  of  the  vessels  allowing  of  haemorrhage. 

(6)  Alveolar  sarcoma. — In  this  form  we  have  round  cells,  as  if 
packed  in  spaces  or  alveoli,  and  so  the  tissue  resembles  that  of  cancer. 
But  when  the  structure  is  carefully  examined,  two  distinct  differences 
can  be  distinguished.  The  connective-tissue  stroma  is  very  directly 
related  to  the  cells,  and  the  masses  of  round-cells  seem  to  be  de- 
veloping out  of  the  connective-tissue  stroma.    Between  the  cells  there 
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is  sometimes  a  delicate  reticulum,  but  this  may  be  absent,  and  the  tissue 
may  be  very  like  that  of  cancer. 

These  tumours  occur  in  connection  with  bone,  skin,  and  muscle. 

(7)  Plexiform  sarcoma  or  cylindroma  is  a  name  applied  to  a  form 
of  tumour  whose  relations  are  somewhat  obscure,  and  it  probably  includes 
more  than  one  kind.  The  peculiarity  of  the  tumour  is  the  existence  of 
cylinders  and  rounded  structures  having  a  hyahne  character,  and  like 
mucous  tissue.  In  the  centre  of  the  cylinder  there  is  often  a  blood- 
vessel, so  that  the  hyaline  material  clothes  it  Hke  a  mantle.  Then, 
between  the  cyhnders  of  hyaline  material  there  are  frequently  masses  of 
cells  which  may  form  long  processes  so  as  to  give  a  close  resemblance  to 
cancer,  to  whose  cells  these  may  also  conform  in  general  appearance. 

The  origin  of  these  cylinders  is  not  perfectly  clear.  In  some  cases  it 
may  be  that  we  have  a  combination  of  sarcoma  and  myxoma,  but  this 
does  not  account  for  the  peculiar  form  of  the  cylinders.  A  more  pro- 
bable explanation  is  that  the  cylinders  arise  by  hyaline  or  mucous 
degeneration  of  the  adventitia  of  the  blood-vessels,  and  this  is  confirmed 
by  the  fact  that  they  are  often  arranged  around  the  vessels.  If  this  be 
the  proper  view,  then,  in  the  tumour,  the  formation  of  blood-vessels  is 
an  important  element.  In  this  way  we  should  have  a  sarcoma  in  which 
a  peculiar  transformation  occurs  in  the  external  coats  of  the  vessels. 
It  is  in  this  view  that  the  name  plexiform  angiosarcoma  is  applied  to  this 
form  of  tumour. 

The  tumour  as  a  whole  is  often  of  a  gelatinous  appearance,  or  it  may 
be  that  the  gelatinous  material  is  seen  to  be  in  separate  si3aces  through- 
out the  tumour.  It  occurs  in  the  orbit  and  its  neighbourhood,  or  the 
upper  and  lower  jaws  ;  it  may  form  part  of  the  constituents  of  tumours 
of  the  parotid,  and  it  is  also -found  in  the  brain  and  its  membranes  and 
the  peritoneum,  where  it  may  grow  to  a  large  size. 

2.— CANCEE  OE  CAECINOMA. 

We  enter  here  on  a  class  of  tumours  whose  boundaries,  when  re- 
garded from  a  clinical  point  of  view,  are  rather  undefined.  In  its 
more  general  use,  the  term  cancer  is  applied  to  any  form  of  malig- 
nant tumour,  altogether  irrespective  of  its  finer  structure,  and  in  this 
sense  would  include  most  sarcomas.  But  in  the  study  of  Pathology 
such  a  general  use  of  the  word  is  not  allowable  ;  the  structure  must  be 
taken  into  account,  and  it  will  be  found  that  clinical  facts  are  in  essen- 
tial accord  with  histological  and  anatomical  relations. 
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Definition.— As  the  sarcomas  are  tumours  whose  structure  follows 
the  type  of  the  connective  tissues,  cancers  may  be  defined  as  tumours 
whose  structure  follows  the  type  of  the  epithelial  tissues,  but  with  an 
excessive  production  of  cells. 

Structure.— It  is  well  known  that  epithelial  structures  are  non- 
vascular, and  in  order  to  the  nourishment  of  any  considerable  mass 
of  epithelium,  it  is  necessary  to  have  blood-vessels  supported  by  con- 
nective tissue.  This  forms  the  stroma  of  cancers,  and  so  it  is  always 
possible  to  distinguish  in  cancers  a  vascular  connective  tissue  basis, 
enclosing  and  supporting  masses  of  epithehal  cells.  This  stroma  may 
be  in  whole  or  part  the  remains  of  the  pre-existing  connective  tissue  of 
the  part,  generally  giving  evidence  of  the  existence  of  irritation  in  the 
presence  of  large  num- 
bers of  round-cells,  but 
very  often  it  is  as  much 
a  new-formation  as  the 
epithelium,  and  may 
occur  in  the  form  of  a 
delicate  network  with 
well  -  formed  meshes 
(see  Fig.  92). 

Where  a  cancer  pro- 
duces a  well-formed 
stroma  along  with  the 
epithelial  masses,  it 
will  probably  grow 
more  readily  into  a 
distinct  tumour  than 
where  the  epithelial  masses  depend  for  their  nourishment  on  the 
existing  blood-vessels.  In  this  latter  case  the  cancer  will  commonly 
present  more  the  characters  of  an  infiltration  of  the  tissues  with 
epithelial  structures,  and  this  infiltration  may  be  associated  with  such 
irritation  as  to  lead  to  considerable  new-formation  of  connective 
tissue,  giving  sometimes  a  considerably  fibrous  character  to  the  struc- 
ture, as  in  scirrhous  cancer. 


Fig.  92.— Stroma  of  a  .soft  cancer  of  the  mamma  after  tlie  cells 
had  been  washed  out.    x  S2. 


An  important  question  arises  here  as  to  the  origin  of  the  epi- 
thelium, which  is  the  essential  constituent  of  a  carcimona.  One  view  is 
that  the  epithelium  in  some  cases  takes  origin  in  the  existing  epithelium, 
and  in  others  develops  out  of  the  connective  tissue,  while  an  other 


•220 


CELLULAR  TUMOURS. 


view  is  that  it  develops  in  all  cases  from  the  existing  epithelium.  We 
have  seen  in  the  study  of  inflammation  that,  as  a  precursor  of  the  formar 
tion  of  organized  tissue,  there  is  always  a  rudimentary  tissue,  of  which 
the  granulating  wound  is  a  type.  Now  in  the  development  of  tumours 
in  general,  the  formation  of  such  rudimentary  tissue  precedes  the  forma- 
tion of  the  ripe  tissue,  or,  in  other  words,  cells  of  all  sorts,  when  young, 
have  the  form  of  round  cells,  which,  from  the  fact  that  they  are  not 
distinguishable  from  one  another,  may  be  called  indifferent  or 
EMBRYONIC  CELLS.  In  the  case  of  cancers  it  is  supposed  by  some 
that  indifferent  cells  may  be  formed  from  connective  tissue,  just  as 
those  of  the  granulating  wound  are  presumed  to  be,  and  that  these  may 
afterwards  develop  into  the  epithelium  of  the  cancerous  tumour. 

In  the  case  of  inflammation  we  saw  no  reason  to  believe  that  epi- 
thelium is  developed  out  of  connective  tissue.  When  epithelium  forms 
on  the  surface  of  a  granulating  wound,  it  is  always  in  direct  continuity 
with  the  existing  epibhelium.  In  the  case  of  cancers  there  are  certain 
facts  which  seem  to  indicate  that  here  also  epithelium  can  only  develop 
from  pre-existing  epithelium,  or  in  other  words,  that  when  the  differen- 
tiation of  the  tissues  is  completed,  there  is  no  recurrence  to  the  embry- 
onic form  in  which  cells  are  indifferent  and  have  the  power  of  develop- 
ing this  or  that  tissue  according  to  circumstances. 

The  first  fact  of  importance  in  this  regard  is,  that  in  some  cancers 
we  have  the  strongest  indications  that  the  epithelium  of  the  cancer  is 
actually  developing  from  the  existing  epithehum.  A  section  of  ^  an 
epithelioma  of  the  skin  shows  this  almost  always  if  the  growing  marginal 
parts  be  examined  (see  Fig.  93).  In  the  skin  the  epidermis  forms  a 
continuous  layer  on  the  surface,  and  the  rete  Malpighii,  or  deep  layer, 
besides  covering  the  papillte  also  lies  between  them,  forming  Avhat  may 
be  called  interpapillary  projections.  At  the  margin  of  an  epithehoma 
of  the  lip,  we  see  an  elongation  of  these  interpapillary  processes,  and 
on  passing  more  and  more  towards  the  tumour  these  processes  pass  deeper 
and  deeper  into  the  subjacent  skin,  forming  penetrating  cylinders. 

Again,  in  some  cases  of  cancer  of  the  kidney  it  can  be  seen  that  the 
tumour  is  arising  as  if  by  transformation  of  the  kidney  tissue.  ^  The 
primary  cancer  of  the  kidney  is  not  a  tumour  added  on  to  the  kidney, 
but  it  is  generally  a  portion  of,  or  sometimes  the  whole  kidney,  which  has 
undergone  an  enormous  enlargement  while  keeping  its  general  shape  : 
it  is  in  fact  the  kidney  or  portion  of  kidney  transformed.  And  when 
we  examine  the  marginal  parts  of  such  a  tumour  we  find  the  epithelium 
of  the  uriniferous  tubules  in  an  active  state  of  germination,  the 
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tubules  getting  distended  with  new-formed  epithelium.  The  epithel- 
ium also  is  altering  its  shape  in  various  ways,  gettmg  sometimes 


Fig  03  —From  the  growing  margin  of  an  epithelioma  of  the  skin.    The  interpapillary  pro- 
cesses of  epidermis  penetrating  inwards,    a,  a  smaU  laminated  capsule,    x  100. 

elongated  and  tailed  (see  Fig.  94).  In  fact  the  tumour  is  forming  by 
proliferation  of  the  epithelium,  the  stroma  of  the  kidney  forming  the 
stroma  of  the  tumour. 


Fig.  04.— From  a  cancer  of  the  kidney.    A  tubiale  is  represented  in  which  the 
epithelium  is  undergoing  alterations  in  shape,    x  300. 

Another- fact  of  consequence  in  this  matter  is,  that  primary  cancers 
in  the  vast  majority  of  cases  occur  in  situations  where  epithelium  exists. 
There  are  some  apparent  exceptions  to  this,  as  where  a  cancer  has  been 
found  growing  into  bone,  but  these  are  of  the  rarest  occurrence,  and 
even  they  can  be  explained  by  supposing  that  there  has  been  a  connec- 
tion with  the  surface  which  was  undiscovered.  It  is  not  impossible  also 
that  some  of  these  rare  cases  may  be  ref errible  to  a  foetal  inclusion  of  a 
bit  of  embryonic  epithelium. 
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It  is  here  to  be  remarked  that  in  a  growing  cancer  there  is  often 
great  irritation  of  the  connective  tissue,  so  that,  say  in  a  case  of  epitheh- 
oma  of  the  hp,  the  ingrowing  processes  are,  at  their  deeper  extremities. 


FiH  95  -From  an  epithelioma  of  the  skin.  Cylinders  of  epitheUnm  penetrating 
deeply  and  causing  great  iiTitation,  as  shown  by  the  presence  of  abundant  roimd 
cells.    X  200. 

buried  in  a  mass  of  inflammatory  round-cells  (Fig.  95).  This  may 
obscure  the  exact  new-formation  of  the  epithelium,  but  the  fact  that  the 
new  epithelium  is  always  in  connection  with  the  old  is  of  sufficient 
significance. 

The  growth  of  cancers  happens  in  various  ways.  We  have  already 
seen  that  in  some  cases  there  is  a  transformation  of  existing  tissues 
and  in  others  a  penetration  of  the  epithelium  into  surrounding  struc- 
tures. These  modes  are  very  common  in  primary  cancers,  and  so  we 
speak  of  cancerous  infiltration  very  frequently.  In  some  cases 
there  is  a  distinct  tumour,  but  even  then  at  the  marginal  parts 
there  is  an  infiltration  of  surrounding  tissues,  and  the  tumour  is  ill- 
defined.  It  is  noteworthy  that  secondary  tumours  are  frequently,  or 
indeed  commonly  much  larger  and  more  independent  in  their  growth 

than  the  primary  ones. 

Cancers  show  pecuhar  relations  to  the  lymphatics.    For  one 
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thing,  the  alveoli  or  spaces  containing  the  eiDithelial  masses  seem  to  be 
in  direct  communication  with  the  lymphatics.  If  a  cancerous  tumour, 
before  being  opened,  be  punctured  with  the  needle  of  a  hypodermic  syringe 
and  a  watery  solution  of  Prussian  blue,  properly  prepared,  be  injected, 
the  material  first  runs  into  the  alveoli  around  the  puncture,  mapping 
out  a  series  of  cavities  as  it  were,  and  then  passes  on  into  the  lymphat- 
ics, issuing  by  their  extremities  divided  during  the  removal  of  the 
tumour.  Besides,  it  has  been  pointed  out  by  Koster  that  in  sending 
their  processes  into  surrounding  parts  the  lymphatic  sj)aces  are  often 
taken  advantage  of  and  are  largely  occupied.  From  these  two  circum- 
stances we  can  understand  how  cancers  so  frequently  present  secondary 
tumours  in  lymphatic  glands. 

The  secondary  tumours  in  the  lymphatic  glands  reproduce  the 
original  tumour,  but  it  has  been  pointed  out  by  Cornil  and  Ranvier  that 
at  the  first  there  is  frequently  a  simple  fibrous  transformation  of  the 
gland  as  if  the  stroma  was  being  formed  in  advance  of  the  epithelium. 

It  is  further  to  be  remarked  that  cancers  are  liable  to  secondary 
CHANGES.  The  epithelium  readily  dies  or  undergoes  fatty  degeneration 
(Fig.  96),  and  the  result  may  be  either 
that  the  stroma  becomes  predominant 
from  the  absorption  of  the  fat,  or  that 
the  whole  tissue  softens  and  an  ulcer 
forms.  In  fact,  when  a  cancer  is  super- 
ficial it  very  commonly  undergoes  ul- 
ceration. Sometimes,  on  the  other 
hand,  there  is  from  the  first  a  peculiar 
predominance  of  the  stroma.  The 
epithelial  cells  of  cancers  may  undergo 
mucous  or  colloid  metamorphosis,  etc.  deSneS w x'm  '^^^ 


Having  entered  so  fully  into  general  considerations  as  to  cancers,  we 
may  be  correspondingly  brief  in  regard  to  the  individual  forms. 

(1)  Epithelial  cancer  or  epithelioma.— According  to  the  descrip- 
tion we  have  given  of  cancers,  it  might  appear  that  all  cancers  are 
epithehal,  but  by  custom*  the  name  has  come  to  be  used  to  designate 
tumours  of  the  skin  and  mucous  membranes,  whose  tissue  reproduces  in 
its  characters  to  a  large  extent  the  surface  epithelium  of  these  regions. 
As  there  are  two  principal  forms  of  epithelium,  the  flat  and  the  cylin- 
drical, so  the  epitheliomas  may  be  divided  into  two  forms,  the  flat-celled 
and  the  cylinder-celled. 
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The  FLAT-CELLED  EPITHELIOMA  occurs  in  situations  where  there  is 
normally  a  flat  epithelium,  namely  the  skin,  mouth,  pharynx,  oesopha- 
gus, larynx,  vagina,  and  urinary  bladder.  Here  there  is  an  excessive 
growth  of  pavement  epithelium,  generally  in  the  form,  as  we  have  seen, 
of  more  or  less  cylindrical  processes. 


Fie  97  -Flat-ceUed  epithelioma  :  a,  isolated  cells  ;  b,  a  cylinder  with  many  laminated  capsules; 
c,  a  laminated  capsule  opened  out  so  as  to  show  the  ceUs  composmg  it.  (Billroth.; 

In  some  of  the  cases  the  epithehal  processes  tend  to  penetrate  into 
the  underlying  structures  so  as  to  produce  a  more  or  less  diffused  infil- 
tration and  thickening  of  the  part.  In  other  cases  the  extension  is 
more  along  the  surface  so  as  to  form  raised,  very  often  circular  tumoiirs. 
The  common  epithehoma  of  the  lip  is  a  good  example  of  the  infiltrating 
form ;  the  epithelioma  of  the  skin  elsewhere  is  usually  of  the  extended 
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flat  form.  The  cylindrical  processes  of  epithelium,  as  they  grow,  exer- 
cise pressure  which,  acting  on  their  own  cells,  produces  closely-compacted 
epidermic  globes  in  the  midst  of  them  (see  Fig.  97).  These  form  very 
commonly  a  characteristic  feature  in  epitheliomas,  and  are  variously 
designated  epidermic  globes,  laminated  capsules,  etc. 

Along  with  the  production  of  epithelial  processes  penetrating  in- 
wards, there  is  very  commonly  the  formation  of  papillae  on  the  surface, 
and  sometimes  this  is  so  marked  as  to  give  the  surface  a  warty  appear- 
ance. This  is  often  seen  in  the  flat  extended  epitheliomas  of  the 
scrotum  and  other  parts  of  the  skin.  It  is  also  very  pronounced 
sometimes  in  the  vagino-uterine  epitheliomas,  giving  rise  to  the  cauli- 
flower appearance.  In  the  urinary  bladder  there  is  very  frequently 
such  a  marked  production  of  elongated  villi  that  the  surface  is  quite 
shaggy,  while  the  mucous  membrane  presents  infiltration  with  the 
epithelial  processes.  So  much  is  this  the  case  that  the  name  villous 
CANCER  is  often  given  to  this  form.  Like  the  papilloma  of  the  bladder, 
this  tumour  has  a  marked  tendency  to  haemorrhage. 

The  flat-celled  epitheliomas  are  usually  of  slow  growth,  and  are  the 
least  malignant  of  the  cancers.  They  mostly  have  a  tendency  to  ulcer- 
ate on  the  surface,  especially  the  infiltrating  ones. 


Fig.  98.— From  a  cylinder-celled  epithelioma  of  the  rectum. 


Cylinder-celled  epithelioma. — This  is  a  tumour  of  parts  where 
cylindrical  epithehum  normally  covers  the  surface,  hence  chiefly  in  the 
stomach  and  intestine,  and  more  rarely  in  the  uterus. 

P 
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The  tumour  takes  origin  in  the  mucous  membrane,  and  the  tissue 
has  a  glandular  appearance,  forming  a  congeries  of  tubes  and  cavities, 
lined  with  cyhndrical  epithelium  (see  Fig.  98).  Sometimes  the  glandular 
appearance  is  strictly  preserved,  but  frequently  the  spaces  enlarge,  and 
as  the  epithelial  cells  accumulate  they  lose  their  cylindrical  for-m,  al- 
though the  outer  layer  of  cells  next  the  stroma  may  still  preserve  their 
shape  (see  figure).  The  glandular  elements  are  contained  in  a  well- 
formed  stroma,  which  is  new-formed  as  well  as  the  epithelial  elements. 

In  growing  the  tumour  infiltrates  neighbouring  parts,  insinuating 
itself  among  the  muscular  trabeculse  very  often,  and  extending  further. 
It  may  form  a  considerable  tumour,  projecting  from  the  surface,  and  is 
frequently  ulcerated,  as  it  occurs  mostly  in  situations  where  it  is  ex- 
posed to  friction. 

From  the  strikingly  glandular  character  of  these  tumours,  man\ 
of  them  are  included  by  some  writers  among  the  adenomas. 

(2)  Ordinary  cancer  or  carcinoma  is  divided  into  several  forms 
in  a  somewhat  arbitrary  way.  There  are  soft  cancers  and  hard  cancers  ; 
there  are  pigmented  and  colloid  cancers,  and  even  mucoid. 

The  ordinary  cancers  consist  of  epithelial  masses  contained  in  meshes, 
but  the  epithelium  does  not  conform  to  that  of  the  surface  of  the  skin  or 
mucous  membranes,  and  is  often  characterized  by  great  irregularity  in  form 
and  size.  It  presents  also  little  tendency  to  assume  a  glandular  arrange- 
ment, and  altogether  shows  less  conformity  with  normal  structures  than 
that  of  the  epitheliomas. 

Soft  cancers  or  medullary  cancers  are  characterized  by  the 
existence  of  a  very  delicate  stroma  in  which  are  abundant  cells,  usually 
of  small  size,  and  loosely  packed  in  the  alveoH  with  a  good  deal  of  fluid. 
They  occur  chiefly  on  mucous  membranes,  in  the  ovaries,  testicles, 
kidneys,  less  commonly  in  the  mamma.  Being  soft,  they  tend  to  bleed, 
and  if  originating  on  a  surface  or  coming  to  it  in  their  growth,  they 
may  undergo  ulceration.  Sometimes  the  softened,  ulcerating,  bleeding 
tissue  projects  in  a  very  striking  manner  from  a  surface,  forming  the 
FUNGUS  H^MATODES. 

The  cut  surface  of  such  tumours  is  grey  in  colour,  and  a  somewhat 
fluid  juice  can  be  scraped  from  it.  In  this  juice  will  be  found  cells  and 
free  nuclei,  the  latter  large  and  mainly  oval  in  shape.  Many  of  the  cells 
contain  fat  granules,  and  there  may  be  some  in  an  advanced  state 
of  fatty  degeneration. 

Cancers  of  this  kind  may  grow  to  a  considerable  size,  as  those  of  the 
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kidney,  and  they  are  often  of  very  rapid  growth.  They  are,  as  a  rule, 
very  malignant ;  the  young  cells,  being  loosely  attached,  readily  pass 
away  and  lead  to  metastasis. 

■  Hard  cancer  or  scirrhus  occurs  most  commonly  in  the  mamma, 
but  also  in  the  stomach,  the  testicles,  ovary,  and  kidney.  It  is  charac- 
terized by  the  preponderance  of  connective  tissue  as  compared  with  the 


epithelial  structures. 

The  cancers  of  this  kind  have  usually  a  very  infiltrating  character, 
the  epithelial  processes  penetrating  among  the  surrounding  structures. 


Fig.  99.— From  a  scirrhus  of  mamma,  recent  part  showing  stroma  and  epithelial  cells,    x  350. 


and  it  looks  as  if  these  processes,  by  their  irritation,  produced  an  exces- 
sive amount  of  connective  tissue.  This  view  is  borne  out  by  the  fact  that 
the  connective  tissue  is  not  usually  in  the  form  of  a  well-developed 
stroma  as  if  planned  to  support  the  epithelial  structures,  but  is  irregular 
and  even  impinges  on  and  destroys  the  cells.    The  cells  readily  undergo 
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fatty  degeneration,  and  sometimes  they  to  a  large  extent  entirely  dis- 
integrate, the  stroma  assuming  the  upper  hand.  It  therefore  happens 
that  different  parts  of  such  tumours  have  often  very  different  structures. 
The  more  recent  parts  will  show  Avell-marked  epithelial  masses  with 
stroma  (Fig.  99),  while  in  the  older  parts  the  cells  have  almost  disap- 
peared, and  there  is  nothing  but  dense  connective  tissue. 

As  the  scirrhus  occurs  more  as  an  infiltration  than  a  distinct  tumour, 
the  hardening  and  contraction  of  the  connective  tissue  causes  the  organ 
in  which  it  grows  to  be  sometimes  contracted  rather  than  enlarged.  It 
is  frequently  so  in  scirrhus  of  the  mamma  and  of  the  stomach,  its  two 

most  frequent  seats.  On  cut- 
ting into  the  organ  the  tissue 
is  felt  to  be  dense  and  elastic. 
The  cut  surface  is  greyish  and 
transparent,  -with  opaque  yel- 
low markings  indicating  the 
existence  of  fatty  degenera- 
tion in  the  cells.  The  juice 
to  be  obtained  from  the  cut 
surface  is  scarce,  and  under 

Fig  100  —Cells  from  a  cancer  of  the  mainma.    Most  of  the  micrOSCOpe  it  is  SCCU  tO 
tW contain  several  nuclei,  and  some  daughter  ceUs.  ^^^^^.^    ^^^^^^    ^^^^^  ^^^^^ 

size,  and  free  nuclei  (see  Fig.  100).  The  cells  vary  greatly  in  size  and 
shape,  and  they  often  contain  two  nuclei,  or  even  a  fully  formed  cell 
inside  (mother  and  daughter  cells). 

These  cancers  are  less  malignant  than  the  soft  cancers,  but  they  pro- 
duce somewhat  readily  secondary  tumours  in  lymphatic  glands. 

Between  the  hard  and  soft  cancers  there  are  cases  presenting  all 
shades  of  gradation ;  so  that  it  might  be  possible  to  form  a  group  of 
simple  or  normal  cancers.  These  have  mostly  a  well-developed  stroma 
with  moderately  sized  cells  which  He  in  the  stroma  in  considerable 
spaces.  The  mamma  presents  these  varieties,  and  they  will  be  consid- 
ered in  the  section  devoted  to  the  diseases  of  that  organ. 

Colloid  or  alveolar  cancer  is  a  tumour  characterized  by  the 
occurrence  of  colloid  degeneration  of  epithelial  cells.  It  is  met  with 
chiefly  in  the  stomach  and  intestines,  and  in  the  mamma,  more  rarely 

elsewhere.  -.i,  r  i 

There  is  here  a  definite  new-formation  both  of  stroma  and  epitfieliai 
masses,  and  the  stroma  is  often  produced  in  the  most  beautiful  and 
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characteristic  forms  (see  Fig.  101).  As  if  it  were  in  the  plan  of  the 
o-rowth,  the  cells  regularly  undergo  colloid  degeneration  (Fig.  102),  and 


V  'l.^--=^<^^   -  ■  •  ■     >  -^vt-  .jv^ 


Fig.  101. — Colloid  cancer.  A  finely  reticulated  stroma  is  seen  with  meshes  full  of  colloid 
material,  the  cells  having  disappeared,    x  90. 

finally  the  masses  of  cells  become 
converted  into  masses  of  colloid  mate- 
rial which  fill  the  spaces.  In  the  bulk 
of  the  tumour  therefore  there  may  be 
nothing  visible  beyond  the  regularly 
formed  stroma  whose  spaces  are  filled 
with  clear  transparent  material.  Occa- 
sionally there  may  be  in  the  centres  of  ,^ 


the  alveoli  some  remains  of  the  cells 
visible,  while  the  peripheral  cells  are 
already  completely  converted. 

To  the  naked  eye  such  tumours  have 
a  markedly  gelatinous  appearance, 
and  as  the  fibrous  stroma  may  in  its 
coarser  meshes  be  visible  without  the 
microscope,  it  may,  even  to  the  naked 
eye,  look  as  if  there  were  nothing  but 
alveoli  filled  with  gelatinous  material  vlSo'^^fS ^'':;n^r;;^'^ 
hence  the  name  alveolar  cancer.    The  (CobnilandRanvieb.) 

tissue  is  frequently  dense  and  hard  to  the  feel.  This  arises  apparently 
from  the  fact  that  the  alveoli  are  tensely  packed  with  the  colloid  mate- 
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rial,  and,  the  fibres  being  on  the  stretch,  a  dense  resistance  is  offered, 
just  as  a  tightly  blown  up  bladder  is  hard. 

These  tumours  mostly  occur  as  infiltrations,  frequently  penetrating 
among  the  constituents  of  the  tissues  (Fig.  103),  and  although  they  very 


Fig.  103.— Colloid  cancer  in  wall  of  stomach,  penetrating  among,  and  separating,  the  mus- 
cular bundles,    x  90. 

often  extend  widely  by  continuity  (as  in  the  stomach),  they  show  Httle 
tendency  to  metastasis ;  even  when  they  attack  the  lymphatic  glands 
secondarily  they  do  not  usually  produce  large  tumours. 

Melanotic  cancer  is  a  rare  form  of  tumour  compared  with  the 
melanotic  sarcoma.  It  occurs  primarily  in  similar  situations,  namely  the 
skin  and  eyeball.  It  is  really  a  soft  cancer  in  which  pigment  is  present 
in  the  cells  and  also  sometimes  in  the  stroma.  It  is  usually  a  ver}- 
malignant  tumour,  producing  secondary  growths  by  metastasis. 

Mucous  CANCER  includes  tumours  in  which  the  stroma  of  the 
cancer  assumes  the  characters  of  mucous  tissue.  The  cells  of  the 
cancer  may  undergo  a  similar  degeneration.  The  tumour  as  a  whole 
is  very  gelatinous  in  appearance,  and  resembles  the  colloid  cancer. 
These  tumours  are  of  rare  occurrence,  being  met  with  in  similar  situa- 
tions to  colloid  cancer,  but  attaining  the  highest  development  in  the 
ovary. 


THE  LYMPHATIC  GROWTH  OR  LYMPHOMA. 
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j  3.— THE  LYMPHATIC  GEOWTH  OR  LYMPHOMA, 

■j  We  have  already  seen  that  in  leukemia  there  is  sometimes  an 
i|  enlargement  of  the  lymphatic  glands,  and  that  secondary  tumours 
■i  occasionally  occur  in  the  liver,  kidneys,  and  elsewhere.  We  also  saw 
'4  that  in  Hodgkin's  disease,  or  adenia,  there  is  an  enlargement  of  the 
eI  glands  and  other  changes  like  those  in  leukasmia,  without  the  peculiar 
lj  condition  of  the  blood  which  is  the  criterion  of  leukaemia. 
'  In  TYPHOID  FEVER  we  have  an  enlargement  of  the  lymphatic  glands 
^  of  the  mesentery,  and  sometimes  secondary  lymphatic  growths  occur  in 
i  the  liver  and  kidney  similar  to  those  in  leukaemia. 

']      The  names  lymphadenoma  and  lymphosarcoma  are  given  to 
^  tumours  of  the  lymphatic  glands,  and  it  will  he  necessary  to  consider 
them  more  in  detail.    The  lymphatic  glands  of  the  mediastinum,  for 
^  instance,  sometimes  undergo  great  enlargement,  and  get  compacted  into 
a  bulky  mass  having  the  characters  of  a  tumour,  and  to  this  condition 
the  name  of  lymphadenoma  has  been  given.    The  glands,  although 
t!^'  greatly  enlarged  and  adherent  by  their  capsules,  are  still  individually 
distinct,  as  may  be  seen  on  section.    The  enlargement  may  now  pro- 
ceed to  the  glands  of  the  neck,  or  it  may  originate  there  and  pass 
downwards.     The  neck  may  be  enormously  enlarged  and  rendered 
somewhat  rigid.    These  tumours  are  of  slow  growth,  do  not  show  any 
malignant  tendencies,  and  are  even  amenable  to  treatment. 

But  in  the  mediastinum  tumours  are  not  infrequent  which  consist  of 
more  than  a  simple  enlargement  of  the  glands.  The  glands  do  not 
remain  distinct,  and  the  new-formation  as  it  were  passes  through  the 
capsule,  and  the  whole  mass  becomes  one,  the  individual  glands  being 
I  no  longer  distinguishable  even  on  section.  The  new  growth  also  tends 
to  incorporate  neighbouring  structures.  It  mil  envelop  a  bronchus, 
and  gradually  work  through  its  wall  replacing  its  tissue  with  its  own. 
It  will  incorporate  the  parietal  pericardium,  and  afterwards  pass  on  to 
the  visceral  layer,  and  replace  even  the  wall  of  the  heart  by  its  tissue.  It 
will  surround  a  vein  and  work  its  wall  up,  gradually  penetrating  to  its 
interior.  Before  this,  thrombosis  may  have  occurred,  and  the  clot 
is  worked  up  or  replaced  by  the  tumour  tissue.  Such  tumours 
are  fitly  designated  lympho-sarcomas,  and  it  will  be  seen  that  they 
possess  a  high  degree  of  malignancy.  They  occur  also  in  the  mesentery, 
and  may  extend  to  the  wall  of  the  intestine,  replacing  its  tube  by 
lymphoid  tissue,  and  forming  a  bulky  tumour  through  which  the  calibre 
of  the  gut  is  maintained.  They  also  sometimes  develop  secondary 
tumours  by  metastasis. 
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TTNDER  this  designation  we  include  all  forms  of  living  creatures, 
^  whether  vegetable  or  animal,  which  exist  in  or  on  the  human  body, 
and  provide  themselves  with  nourishment  from  the  body  or  its  juices.  The 
parasites  are  beings  of  the  most  widely  different  kinds,  and  their  relations 
to  morbid  processes  in  the  body  also  diflfer  greatly.  In  the  description 
of  parasites  we  shall  begin  with  the  lowest  forms,  these  being  the  forms 
also  around  which  most  interest  at  the  present  moment  centres. 

A.— VEGETABLE  PARASITES. 
MICEO-OEGANISMS  OE  BACTEEIA. 

If  a  fluid  containing  organic  material,  such  as  blood  serum  or  infusion 
of  flesh,  be  exposed  to  the  air,  it  soon  becomes  putrid,  and  everyone 
knows  that  in  such  putrid  fluid  minute  forms  of  organized  beings  are 
to  be  found.  All  of  these,  however,  are  of  very  minute  size,  so  that 
they  may  be  classed  as  micro-organisms.  To  the  entire  series  of 
such  minute  organisms,  as  we  shall  see  afterwards,  the  name 
bacteria  is  often  applied  in  a  general  sense,  although  various  forms 
of  such  bacteria  are  distinguishable.  With  this  simple,  every-day 
occurrence  are  connected  questions  of  the  highest  importance  and  the 
greatest  difficulty  :  Whence  come  these  bacteria  1  What  is  their 
relation  to  the  decomposition  of  the  fluid  1  and  many  others  of  great 
importance. 


One  of  the  most  important  of  these  questions,  and  one  of  the 
easiest  to  answer,  is  that  which  we  have  given  first :— Whence 
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COME  THE  BACTERIA  1    To  answer  this,  a  very  simple  experiment  is 
alone  necessary.    Let  a  boiled  potato  be  cut  in  two,  and  one  half  ex- 
posed Avith  the  cut  surface  uppermost  in  an  inhabited  room,  while  the 
other  is  kept  under  a  bell-jar.    After  the  exposure  put  the  first  half 
along  with  the  other  under  the  jar,  and  observe  the  condition  of  matters 
for  the  next  few  days.    In  the  one  which  had  been  exposed,  a  number 
of  little  spots  will  appear  in  the  course  of  a  day  or  two,  and  these  will 
increase  in  area  in  a  more  or  less  circular  manner.    These  little  spots 
will  very  Hkely  present  considerable  differences  in  appearance,  some 
yellowish,  others  whitish  or  pinkish  in  tint,  and  they  have  all  the  ap- 
pearance of  plants  growing  on  the  nutritious  material  supplied  by  the 
potato.    It  needs  only  the  most  superficial  microscopic  investigation  to 
prove  that  some  of  these  spots  are  due  to  the  growth  of  fungi,  while 
others  are  the  seat  of  myriads  of  bacteria,  which  are  obviously  multiply- 
ing at  an  extraordinary  rate.    It  is  no  less  obvious  that  these  micro- 
organisms have  arisen  from  something  which  has  fallen  on  the  potato 
from  the  air.    The  substance  which  has  fallen  from  the  air  may  be 
spores  of  the  organism  or  simply  the  organisms  themselves  in  a 
dried  state,  but  we  are  warranted  in  inferring  that  the  one  or  the 
other  is  floating  in  the  air,  and  that  the  dust,  which  we  know  from  other 
sources  to  be  composed  largely  of  organic  matter,  contains  the  germs  of 
numerous  living  micro-organisms.    It  is  only  those  which  will  grow  on 
potato  that  will  be  rendered  visible  by  their  growth  in  the  way  men- 
tioned.   If  different  kinds  of  material  suited  to  their  growth  be  used, 
more  varieties  may  be  obtained. 

By  thus  exposing  a  proper  soil  to  the  air  we  may  obtain  a  garden 
with  several  different  plants  in  it.  These  plants  we  may  propagate 
as  much  as  we  desire.  We  have  only  to  transplant  them  Avith  a  needle 
or  a  knife,  which  has  been  recently  heated  in  the  flame  of  a  lamp 
in  order  to  destroy  any  organisms  that  may  be  adherent  to  it,  and  we 
obtain  pure  cultivations  of  the  various  plants.  By  inoculating  several 
media  we  may  find  out  the  idiosyncrasies  of  the  different  organisms. 
Some  will  grow  on  potatoes,  some  need  an  animal  diet,  and  for  some  a 
specially  prepared  soil  is  necessary.  In  this  way  we  may  cultivate  the 
organisms  through  successive  generations  and  in  different  media,  and 
they  retain  their  characteristics  in  every  case. 


We  may  now  consider  what  are  the  roRMS  AND  characters  OF 
THESE  BACTERIA.  It  is  to  be  noted  that  all  of  these  organisms  are 
of  very  minute  size,  being  scarcely  visible  with  an  ordinary  low  power 
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of  the  microscope.  It  is  their  extraordinary  number  that  renders 
them  at  all  readily  appreciable  even  with  the  microscope,  and,  it  may 
be  added,  it  is  their  extraordinary  number  that  makes  their  existence 
of  such  importance.  The  extreme  minuteness  of  the  individual  bacteria 
renders  the  classification  of  them  very  difficult.  In  the  aggregate,  when 
cultivated,  say  on  the  surface  of  the  potato,  they  often  show  much 
more  distinctive  characters  than  when  examined  under  the  microscope. 
From  this  it  will  be  understood  how  it  is  that  considerable  divergence 
exists  in  the  nomenclature  of  the  bacteria,  and  differences  of  opinion  as 
to  their  specific  relations. 

Bacteria  may  be  defined  as  minute  plants  of  globular  or  oblong  shape 
which  increase  by  transverse  fission.  The  whole  group  of  bacteria  is 
included  in  the  family  SCHIZOMYCET^.  Individually  they  are  for  the 
most  part  only  slightly  coloured,  although  in  the  aggregate  they  fre- 
quently-show  some  shade  of  (Colour,  by  which  indeed  they  may  be 
recognized.  They  present,  like  the  cells  of  plants  which  possess  a 
cellulose  membrane,  a  remarkable  resistance  to  the  action  of  caustic 
alkalies  and  acids,  although  it  seems  that  their  Avail  is  not  actually 
composed  of  cellulose. 

According  to  Cohn's  classification  there  are  four  forms  of  bacteria, 
namely,  the  spherical  or  globular,  the  small  rod-shaped,  the  larger  rod- 
shaped  or  thread-like,  and  the  spiral.    The  first  two  are  closely  related, 


Fig.  104.— Swarms  of  bacteria  growing  in  a  nutritive  material,    x  90. 

and  we  may  even  class  them  together  as  Klebs  and  Billroth  do. 
In  that  case  the  globular  bacteria  and  those  which  form  short-beaded 
rods,  as  if  from  the  imperfect  separation  of  the  globular  cells,  form 
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class,  and  the  more  definitely  rod-shaped  or  thread-like  form 
other.    The  first  class  may  be  called  cocco-bagteria  and  the  other 
BACILLI.    There  remains  the  third  class  of  spirilla  whose  relations  are 
rather  obscure. 

The  cocco-BACTERiA  are  very  minute  organisms,  but  they  present 
the  peculiarity  that  they  have  a  great  tendency  to  occur  in  great 
multitudes  or  swarms  together.  These  swarms  are  united  by  a  kind  of 
viscous  material  apparently  secreted  by  the  bacteria.  Aggregated 
thus  in  swarms  they  appear  under  the  microscope  as  opaque  cloudy 
masses  such  as  those  represented  in  Fig.  104.  These  are  variously 
named  colonies  or  zoogloea.  When  thus  aggregated  together  it 
is  difficult  to  make  out  whether  the  bacteria  are  really  globular  or 
formed  of  fine  rods.  But  if  the  colonies  be  flattened  out,  or  if  the 
edge  be  carefully  observed  where  they  are  less  thickly  set,  we  maj- 
find  out  their  actual  structure ;  they  are  ^ff-^f?. 
probably  most  frequently  formed  of  globu-  \, 
lar  bacteria.  The  colonies  often  appear  on  /  „. 
the  surface  of  decomposing  fluids,  forming  \^ 
the  membranous-looking  scum  which  we 
see  so  often  in  such  situations.    It  should  ^  rig.  io5.-Two  pus  coi-puscies  con- 

_     taming  bacteria.    From  a  fireparation 

be  mentioned  that  these  e-lobular  bacteria  which  had  been  dried  and  stained  with 

^  methylviolet.    x  1600. 

are  often  called  MICROCOCCI  (Fig.  105), 

and  that  they  have  no  power  of  spontaneous  movement. 

The  minute  rods,  of  which  colonies  are  also  sometimes  formed,  are 
believed  by  some  to  develop  out  of  the  globular  bacteria.  Klebs  seems 
to  believe  that  while  colonies  are  often  formed  of  globular  bacteria,  the 
peripheral  ones  frequently  elongate  into  finer  rods,  and  become  free  in 
the  fluid.  Whether  this  be  the  case  or  not,  we  meet  with  the  fine  rod- 
shaped  forms  free  in  fluids  more  frequently  than  the  micrococci.  It 
may  be  added  that  to  this  form  of  fine  rods,  which  are  so  common 
in  decomposing  fluids,  the  term  bacterium  is  sometimes  ajDplied  in  a 
more  limited  sense. 

The  BACILLUS  is  a  rod-shaped  bacterium,  but  more  elongated  than 
those  just  referred  to  (Fig.  106).  It  has  also  the  tendency  to  elongate 
so  as  to  form  threads  of  some  length.  Sometimes,  as  in  the  tubercular 
bacillus  (Fig.  107)  and  in  the  very  important  bacillus  anthracis,  the 
threads  produce  spores  inside  themselves,  which  afterwards  may  become 
free.  In  regard  to  the  cocco-bacteria,  there  seems  no  evidence  that  they 
bear  spores  of  any  kind,  but  they  propagate  merely  by  fission. 

The  remaining  form  of  bacterium  is  the  spiral  one  or  spirillum. 


p 


236 


PARASITES. 


This  organism  is  in  the  form  of  a  fine  thread  with  a  cork-screw  twist 
in  it. 

It  has  ah^eady  been  mentioned  that  the  globular  bacterium  or  micro- 
coccus is  incapable  of  spontaneous  movement.    In  regard  to  the  others, 
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Fig.  100. -Two  forms  of  'jfM7  .'-n.^,,  f^^k\ 

bacilli  which  were  gi-owing 
together  in  the  same  nutri- 
tive material.  One  short 
and  thick,  the  otlier  long 
and  thin.  The  short  one 
was  much  more  deeply 
stained  than  the  long  one. 
Methylviolet  preparation. 
X  1500. 

Fig.  107.—  Tubercular  bacillus,  consisting  of  threads 
beaded  with  sjiores.  In  the  preparation  the  baciUi  are 
red,  and  the  other  bodies  (pus  corpuscles)  are  blue. 
X  1500. 

some  are  motionless  and  some  have  locomotive  powers.  The  rod-shaped 
forms  have  sometimes  a  wriggling  movement  which  has  caused  them  to 
receive  sometimes  the  name  of  vibrios,  although  this  name  is  often 
confined  to  the  bacilh.  The  spirillar  forms  sometimes  show  a  cork- 
screw movement  and  sometimes  are  quiescent.  It  may  be  said  in  general 
that  bacteria  which  have  power  of  motion  become  still  at  some  period  of 
their  development,  while  others  are  motionless  throughout. 

Methods  of  Detection. — It  will  be  obvious  that  these  minute 
organisms  are  often  very  difficult.'  of  detection,  especially  Avhen 
they  are  mixed  up  with  other  structures  or  he  in  the  midst  of  the 
tissues.  When  they  are  in  colonies  their  opaque  clouded  appearance 
and  their  frequent  brown  colour  make  them  often  very  prominent 
objects.  But  when  more  isolated,  and-even  when  in  sparsely  distributed 
colonies,  it  may  be  difficult  to  distinguish  them  from  the  mere  granular 
debris  of  the  tissues.  In  order  to  render  them  more  easy  of  detection, 
various  methods  have  been  devised.  The  simplest  is  that  originally 
suggested  by  Recklinghausen,  which  is  based  on  the  fact  already- 
mentioned,  that  these  organisms  present  a  much  greater  resistance  to 
alkalies  and  acids  than  the  animal  tissues  do.    The  addition  of  solution  of 
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caustic  potash  to  an  animal  tissue  renders  it  transparent  and  obscures 
the  structure.  If  bacteria  be  present,  they  will  be  rendered  more  promin- 
ent than  before.  Dilute  acetic  acid,  which  as  we  know  clears  up  the  con- 
nective tissue  especially,  may  be  used  in  a  similar  way.  This  often  suc- 
ceeds in  bringing  into  prominence  the  zoogioea  of  bacteria,  but  is  not  of 
much  use  in  detecting  isolated  ones. 

Much  advance  has  been  made  by  the  introduction  of  improved 
methods  of  staining  bacteria  devised  by  Weigert  and  improved  by 
Koch.  Bacteria  absorb  readily  several  kinds  of  dissolved  pigments, 
but  they  show  a  peculiar  tendency  to  become  coloured  with  aniline 
dyes.  Many  such  dyes  have  been  used,  but  the  most  suitable  seem  to  be 
methylviolet,  Bismarck  brown,  and  methylblue,  of  which  the  first  two 
have  been  most  used.  Methylviolet  cannot  be  used  with  glycerine,  as 
this  agent  extracts  the  colour,  and  so  a  strong  solution  of  acetate  of 
potash  in  water  (1  to  2)  may  be  used.  Preparations  stained  with  Bis- 
marck broAvn  may  be  mounted  in  glycerine  or  Canada  balsam. 

As  the  observation  of  bacteria  is  now  of  considerable  importance,  the 
more  usual  methods  of  investigation  may  be  here  briefly  described.  If 
bacteria  be  present  in  a  putrid  fluid,  they  can  easily  be  seen  by  simply 
placing  a  drop  under  the  microscope.  But  if  it  is  desired  to  observe 
their  characters  more  particularly,  and  to  preserve  them,  the  fluid  may 
be  subjected  to  the  following  treatment.  A  microscojiic  coverglass  is 
taken,  and  a  small  quantity  of  the  fluid  smeared  on  it  in  a  thin  layer, 
which  is  allowed  to  dry  into  a  film  on  the  coverglass.  To  this  film 
is  added  a  drop  of  the  methylviolet  or  other  anihne  solution  (prepared 
by  adding  a  few  drops  of  a  strong  spirituous  solution  of  the  dye  to 
water).  This  solution  should  not  be  too  weak,  otherwise  the  viscid 
material  which  unites  the  colonies  will  be  swelled  up  and  the  film 
loosened.  The  staining  agent  is  allowed  to  act  for  a  few  seconds,  and 
then  run  ofl"  from  the  coverglass  or  sucked-up  Avith  a  pipette  or  blotting 
paper.  If  necessary,  the  stained  film  may  be  washed  with  a  solution  of 
acetate  of  potash  (1  to  10).  After  this  a  drop  of  strong  acetate  of 
potash  solution  is  added  to  the  film,  and  the  coverglass  placed  on 
a  sHde  and  examined.  If  aniline  'brown  be  used,  then  glycerine  may  be 
substituted  for  solution  of  acetate  of  potash.  In  some  cases  it  is  desir- 
able to  mount  the  specimen  in  Canada  balsam,  and  in  that  case  it 
is  only  necessary,  after  staining,  to  allow  the  film  to  dry  and  then  add 
the  balsam. 

It  is  sometimes  desirable  to  examine  blood  or  other  fluid  containing 
albumen  in  solution.    When  that  is  the  case  the  film  obtained  by  dry- 
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ing  contains  soluble  albumen,  and  if  it  be  treated  as  above  then  the 
albumen  is  dissolved  when  the  staining  solution  is  added,  and  being 
afterwards  precipitated  in  the  granular  form,  obscures  the  appearances. 
It  is  necessary,  therefore,  to  fix  the  albumen.  This  may  be  done  by 
simply  leaving  the  film  unstained  for  several  days  or  weeks.  It  is  more 
quickly  done  by  immersing  the  coverglass  in  spirits  for  a  few  days,  but 
it  is  most  quickly  effected  by  exposing  the  film  to  a  temperature  of 
120°  to  130°  C.  If  the  coverglass  be  placed  for  five  or  ten  minutes  in 
an  air  bath  raised  to  this  temperature  the  further  processes  may  generally 
proceed  without  difficulty,  but  sometimes  it  takes  longer  and  sometimes 
shorter,  these  exceptional  cases  being  determined  by  experiment.  A 
more  rapid  way  of  effecting  the  fixation  of  the  albumen  is  to  pass  the 
coverglass  with  the  film  three  or  four  times  through  the  flame  of  a 
spirit  or  Bunsen  lamp. 

If  the  presence  of  bacteria.be  suspected  in  the  tissues,  then  the 
process  of  preparation  is  more  detailed.  The  tissue  should  be  hardened 
in  alcohol.  Fine  sections  are  then  to  be  made,  and  these  stained  in  the 
aniline  solution  in  the  usual  way.  They  are  next  to  be  placed  for  a  few 
seconds  in  diluted  acetic  acid,  and  they  can  afterwards  be  mounted  in 
glycerine  or  acetate  of  potash  solution,  according  to  the  staining  agent 
used.  If  it  be  desired  to  mount  them  in  Canada  balsam  they  may 
be  transferred  direct  from  the  staining  solution  to  absolute  alcohol, 
where  they  may  be  left  for  a  time ;  they  are  then  cleared  up  with  oil  of 
cloves,  and  mounted  in  balsam.  Methylviolet  cannot  usually  be  used 
for  this  latter  purpose,  and  Bismarck  brown  or  gentian  violet  is 
perhaps  the  most  useful  dye. 

For  the  detection  of  bacteria  in  the  tissues,  Koch  has  introduced  the 
use  of  a  special  form  of  illumination  by  means  of  Abbe's  condenser. 
The  use  of  this  piece  of  apparatus  is  described  in  Koch's  work  on 
Traumatic  Infective  Diseases,  translated  by  the  Sydenham  Society,  and 
thus  available  to  our  readers.  When  sections  stained  as  above  are  thus 
illuminated,  the  details  of  the  tissues  are  oliscure,  but  all  coloured 
objects  are  rendered  visible,  and  so  the  bacteria,  being  the  most  definitely 
coloured,  may  be  prominently  brought  out. 

It  is  not  to  be  inferred  that  all  bacteria  react  equally  to  the  aniline 
dyes.  The  more  ordinary  bacteria  are  stained  by  most  of  the  colours, 
but  the  tubercular  bacillus,  as  we  have  already  seen,  the  typhoid  bacillus, 
and  others,  have  special  affinities. 


Influence  of  bacteria  on  the  living  tissues.— We  have  already 
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seen  that  bacteria  are  present  in  fluids  which  are  undergoing  putrefac- 
tive decomposition,  and  it  may  now  be  regarded  as  demonstrated  that 
the  various  forms  of  putrefaction  are  due  to  the  action  of  these  organ- 
isms. The  details  of  these  demonstrations  need  not  detain  us  here,  but 
it  is  important  to  consider  whether  the  organisms  or  their  products 
have  any  influence  on  the  living  body,  or  are  the  causes  of  disease. 

It  is  clear  that  many  of  these  bacteria  are  perfectly  innocuous  when 
merely  in  contact  with  the  surface  of  the  body  or  the  mucous  mem- 
branes. The  intestinal  canal  teems  with  bacteria,  and  the  insj)ired  air, 
as  we  know,  contains  many  kinds  of  them.  These  ordinary  bacteria 
are  incapable  of  penetrating  the  living  tissues,  but  when  death  occurs 
they  at  once  begin  to  swarm  into  them.  Even  when  directly  injected 
into  the  blood,  few  of  these  bacteria  seem  capable  of  surviving,  although, 
as  we  shall  see  immediately,  some  of  them  undoubtedly  are. 

Although  ordinary  bacteria  and  their  products  are  incapable  of 
penetrating  into  the  healthy  tissues,  or  at  least  work  no  mischief  when 
they  do,  yet  when  they  exist  in  wounds  they  find  a  more  ready  access 
to  the  tissues  and  the  blood,  and  it  will  be  proper  here  to  consider  the 
effects  which  occur  in  connection  with  putrefying  or  septic  wounds. 
It  need  hardly  be  stated  that  this  subject  is  of  vast  importance  in  con- 
nection with  the  treatment  of  wounds,  and  that  the  antiseptic  method 
of  treatment  is  based  on  the  view  that  the  putrid  wound  is  a  source  of 
mischief. 

Of  great  importance  here  are  the  observations  of  Ogston  {British 
Medical  Journal,  March  12th,  1881).  These  observations  bear  chiefly  on 
the  connection  of  micro-organisms  with  acute  inflammations,  especially 
where  suppurations  occur.  The  pus  from  a  large  number  of  abscesses 
was  examined,  and  in  all  cases  where  the  abscesses  were  acute,  micrococci 
were  found  abundantly,  whereas  in  the  case  of  cold  abscesses  there 
were  no  such  organisms.  When  pus  containing  these  was  injected 
under  the  skin  of  animals  in  small  quantity  it  usually  caused  acute  in- 
flammation ending  in  abscess,  and  on  examination  the  micrococci  could 
be  seen  in  the  pus  as  well  as  invading  the  tissue  around  the  abscess.  A 
few  organisms  could  also,  in  these  animals,  be  detected  in  the  blood, 
and  the  animal  presented  signs  of  general  uneasiness. 

^  In  suppurating  wounds  also  Ogston  found  micrococci,  mixed  here 
vath  bacteria  of  various  kinds.  The  number  and  activity  of  growth  of 
the  organisms  were  proportionate  to  the  intensity  of  the  suppuration. 

It  would  appear  therefore  from  these  observations  that  the  active 
agents  m  producing  inflammations  in  the  tissues  are  micrococci,  while 
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the  ordinary  hacteria  of  decomposition  are  not  so  distinctly  concerned. 
From  his  further  experiments  Ogston  inferred  that  micrococci  grow  best 
when  not  exposed  to  the  air.  He  cultivated  them  by  introducing  a 
minute  portion  of  pus  into  an  egg,  and  protecting  the  latter  from 
the  access  of  air.  He  found  that  the  organisms  grew  vigorously  when 
kept  at  the  temperature  of  the  body,  but  that  they  did  not  produce 
ordinary  decomposition.  The  egg  albumen  in  which  the  micrococci  had 
grown  produced  abscesses  when  injected  under  the  skin  of  animals. 

It  may  be  held  that  these  observations  of  Ogston  prove  that,  of  the 
organisms  occurring  in  ordinary  decomposing  fluids,  the  micrococci  are 
those  which  have  the  greatest  power  of  resisting  the  living  tissues,  and 
propagating  themselves  inside  the  body.    This  is  consistent  with  the 
fact  that  in  pyaemia,  septic  peritonitis,  etc.,  it  is  micrococci  that  are 
found  in  connection  with  the  inflammatory  processes.    It  is  not  to  be 
inferred,  however,  that  in  the  case  of  external  wounds  where  decompo- 
sition is  going  on,  the  chemical  products  evolved  are  not  concerned  in 
the  production  of  inflammation.    We  know  that  these  products  are 
highly  irritating,  and  they  are,  doubtless,  capable  of  producing  local 
inflammations  as  well  as  giving  rise  to  general  symptoms  when  absorbed 
into  the  blood.     In  the  present  state  of  our  knowledge  it  is  impos- 
sible to  say  whether  there  are  many  or  few  kinds  of  micrococci  as  of 
other  bacteria,  but  it  may  be  presumed  that  if  there  are  not  diff"erent 
species  there  are  great  differences  in  their  state  of  activity  at  different 
times. 

Septicemia.— The  absorption  of  material  from  putrid  wounds  or, 
what  is  equivalent  to  that,  the  injection  of  putrid  material  into  the 
blood  or  under  the  skin,  is  followed  by  certain  symptoms,  of  which  the 
chief  are  fever,  vomiting,  and  diarrhoea.  In  some  cases  there  are  such 
general  symptoms  alone,  but  in  others  there  are  in  addition  local  in- 
ternal inflammations  which  have  a  marked  tendency  to  go  rapidly  on 
to  suppuration ;  the  so-called  metastatic  abscesses.  It  has  become  cus- 
tomary to  speak  of  cases  where  there  is  simply  a  general  aff-ection  of  the 
system,  in  which,  in  fact,  there  is  a  morbid  condition  of  the  blood,  under 
the  designation  septicaemia,  while  those  other  cases  in  which  there  are 
metastatic  inflammations,  doubtless  due  to  embolism  by  septic  material, 
are  called  cases  of  pyaemia.  We  shall  speak  first  of  conditions  where 
there  are  no  embolic  phenomena,  and  which  are  generally  included 
under  the  term  Septicsemia. 

In  considering  the  phenomena  of  septiceemia  we  have  two  possible 
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conditions  to  take  into  account.  If  putrid  material  be  introduced  into 
the  blood  it  may  produce  symptoms  due  to  the  mere  poisonous  nature 
of  the  products  of  decomposition,  namely,  the  volatile  oils  which  give 
their  odour  of  putrescence  and  other  chemical  principles.  But  on  the 
other  hand  it  may  give  rise  to  symptoms  due  to  the  bacteria  which 
may  live  on  in  the  blood  and  produce  mischief  there,  multiplying  as 
such  organisms  do  with  greater  or  lesser  rapidity.  We  may  thus  dis- 
tinguish a  septicaemia  due  to  chemical  poisoning,  and  another  due 
directly  to  the  action  of  the  organisms.  We  shall  first  take  up  the 
former  of  these,  and  it  will  be  convenient  to  refer  to  it  as  putrid  or  septic 
poisoning  as  distinguished  from  putrid  or  septic  infection.  (German 
writers  use  the  expression  intoxication  as  equivalent — it  is  so  etymologi- 
cally — to  poisoning,  but  this  use  is  often  rather  confusing  to  English 
readers,  especially  when  met  with  in  translations.) 

(1)  Septic  poisoning. — This  is  produced  by  the  chemical  products 
of  decomposition  entering  the  blood.  It  has  been  proved  by  many 
experiments  that  these  products  are  capable  of  producing  symptoms  of 
poisoning,  and  as  illustrative  of  such  experiments  we  may  cite  those  of 
Puky. 

The  putrid  yolk  of  egg  containing  free  fat  and  active  bacteria  as  well 
as  the  usual  products  of  decomposition  was  injected  into  the  jugular 
vein  or  under  the  skin.  The  result  was  the  production  of  symptoms 
such  as  those  already  mentioned,  but  in  most  cases  without  any  apparent 
new-formation  of  organisms  in  the  body.  In  these  observations  the 
organisms  introduced  may  have  had  something  to  do  with  the  symjDtoms, 
l)ut  for  the  most  part  they  seemed  to  be  nullified  by  the  blood,  and  the 
symptoms  were  due  to  the  poisonous  chemical  products.  That  this  was  so 
was  proved  by  boiling  and  filtering  the  putrid  material  before  injecting 
it.  The  effect  of  boiling  would  be  to  kill  the  organisms,  and  the  filter- 
ing would  get  rid  of  everything  except  the  dissolved  chemical  products. 
When  the  filtrate  was  used  similar  symptoms  were  produced,  but  it 
required  a  larger  dose  on  account  of  some  of  the  poison  being  carried 
down  with  the  albumen. 

These  experiments  taken  along  with  others  seem  to  show  that  in 
putrid  material  there  are  chemical  products  which,  if  taken  into  the 
I'ody  in  suflacient  quantity,  act  as  poisons,  and  may  even  prove  fatal. 
These  chemical  products  have  not  been  separated  as  yet,  but  it  appears 
from  the  observations  of  Panum  (Virchow's  Arckw,  vol.  60,  p.  301)  that 
they  are  soluble  in  water  but  not  in  alcohol.  This  observer  evaporated 
the  putrid  material  to  dryness  and  extracted  first  with  alcohol  and  then 
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with  water.    The  latter  solution  pi-oduced  the  symptoms  of  poisoning, 
the  former  did  not. 

There  are,  doubtless,  in  the  human  subject  many  cases  in  which 
the  chemical  products  of  decomposition  are  absorbed,  the  amount  of 
absorption  depending  on  the  amount  of  the  material  present,  and  the 
capability  of  absorption  of  the  surface  exposed.    Substances  introduced 
under  the  skin  are  very  readily  absorbed,  as  the  material  is  introduced 
directly  into  the  lymphatic  channels.    In  a  freshly  made  wound  these 
channels  are  laid  open,  and  any  putrid  material  present  is  absorbed 
nearly  as  readily  as  if  it  were  introduced  under  the  skin.    The  WOUND 
FEVER  which  occurs  so  commonly  in  septic  cases  within  the  first  forty- 
eight  hours  is  doubtless  due  to  septic  poisoning,  as  is  shown  by  its 
absence  in  aseptic  cases.   But,  when  the  surfaces  of  a  wound  are  covered 
up  with  granulations,  the  lymphatic  spaces  are  shut  off,  and  absorption 
is  not  so  ready.    The  healthy  granulations  have  a  remarkable  power  of 
preventing  absorption,  as  the  most  foul  substances  may  be  appHed  to 
them  without  any  apparent  absorption. 

But  in  some  cases  there  is  a  much  more  serious  absorption  of  the 
products  of  decomposition  in  large  or  irregular  wounds,  such  as  those 
resulting  from  compound  fractures  of  the  bones  of  the  limbs ;  or  in  the 
case  of  large  suppurating  and  decomposing  surfaces  such  as  those  in  an 
opened  pleura,  or  peritoneum,  or  joint,  or  chronic  abscess.  In  these 
cases,  the  hectic  fever  so  often  leading  on  with  diarrhoea  to  a  fatal 
termination,  is  no  doubt  due  to  septic  poisoning.  It  is  to  be  remarked 
that  the  peritoneum  and  the  pleura,  being  lymphatic  sacs,  have  a  very 
high  power  of  absorption,  and  decomposing  material  in  contact  with 
them  is  very  readily  absorbed.  Hence,  probably,  the  rapid  fatahty  of 
acute  peritonitis,  which,  whether  following  on  an  operation,  or  due  to 
perforation  of  the  intestine,  is  usually  septic. 

On  post-mortem  examination  in  such  cases,  httle  that  is  defimte  can 
be  discovered.  The  blood  is  dark  in  colour  and  coagulates  imperfectly, 
and  there  are  evidences  of  a  tendency  to  hypersemia  and  capillary 
hsemorrhac^e.  The  hsemorrhage  is  mostly  in  the  form  of  petechias  be- 
neath the  pericardium,  endocardium,  and  pleura,  and  the  hyperemia  is 
chiefly  of  the  mucous  membrane  of  the  intestines,  where  it  is  sometimes 

very  marked.  . 

It  is  a  question  whether  the  septic  poison  may  not  produce,  especially 
in  persons  predisposed  to  it,  inflammations  in  distant  parts.  The  acuiB 
inflammation  of  the  pleura,  or  pericardium,  or  even  of  joints,  which 
sometimes  occurs  in  connection  with  decomposing  wounds,  may  possibly 
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be  due  to  the  septic  poison,  although  more  probably  caused  by  organisms 
which  have  been  absorbed. 

(2)  Septic  or  putrid  infection. — This  condition  differs  from 
septic  poisoning  in  respect  that  here  we  have  to  do  with  a  virus  or  con- 
tagium  capable  of  propagating  itself,  and  multiplying  in  the  body.  In 
septic  poisoning  the  effects,  as  in  the  case  of  other  poisons,  depend  on 
the  dose  of  the  poison.  In  septic  infection  a  small  amount  introduced 
will  lead  to  the  disease  as  well  as  a  larger  amount,  although  it  may  take 
a  longer  time. 

The  term  inoculation  may  be  used  to  designate  the  application  of 
minimum  quantities  of  a  virus  to  the  living  body.  If  we  can  induce 
putrid  infection  by  inoculation  in  animals  we  may  expect  that  much  light 
will  be  thrown  on  the  nature  of  other  diseases  which  are  also  capable  of 
production  by  inoculation,  and,  indeed,  on  the  nature  of  contagion  in 
general.  With  this  in  view,  as  well  as  on  account  of  its  own  inherent 
importance,  it  will  be  well  to  go  more  particularly  into  the  subject 
here. 

The  names  of  Coze,  Feltz,  Davaine,  Pasteur,  and  Koch  are  associated 
with  the  investigation  of  putrid  infection,  and  it  may  be  said  that 
Koch's  observations  afford  the  most  recent  and  strictly  accurate  infor- 
mation on  this  subject.  We  shall  here,  therefore,  refer  more  in  detail 
to  his  researches,  especially  those  contained  in  his  work  on  Traumatic 
Infective  Diseases,  and  recent  papers  by  himself  and  his  assistants. 

If  putrid  material  be  injected  under  the  skin  of  a  mouse,  the  animal 
will  die,  as  we  have  already  seen,  from  septic  poisoning,  if  the  dose  has 
been  large  enough.  But  if  a  small  quantity  be  used,  such  as  one  or  at 
most  two  drops,  the  symptoms  of 


poisoning  do  not  appear,  and  many 
of  the  mice  recover.  A  certain 
number,  however  (about  a  third), 
of  the  animals  become  ill  in  about 
twenty-four  hours,  with  certain 
■symptoms  which  are  quite  constant, 
and  they  die  in  about  fifty  hours 
after  the  inoculation.    If  now  a   v   ino      nn       ^  • 

.      ,  .  l"ig-  1  OS. -a,  The  blood  in  septicsemia  of  mice, 

minute  quantity  of  blood  be  taken  ^'^o^mg  wood  corpuscles  and  small  baciiu.  b, 
f  Blood  from  splenic  fever,  showing  blood  cor- 

irom  tne  body  of  the  dead  mouse  P^^cies  and  large  bacim.  x  too.  (Koch.) 
and  inoculated  into  a  living  mouse,  the  same  symptoms  occur,  and  the 
iinimal  dies  in  about  fifty  hours.    The  disease  may  be  propagated  from 
animal  to  animal  without  fail  for  any  number  of  generations,  and  an 
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exceedingly  minute  quantity  of  blood  is  alone  required  in  order  to 
produce  the  disease.  In  this  disease  there  are  no  metastatic  abscesses, 
the  only  organic  lesion  being  a  considerable  enlargement  of  the  spleen, 
and  so  it  is  called  by  Koch  septicemia  of  mice. 

When  the  blood  of  such  mice  is  examined,  whether  the  disease  was 
produced  by  the  primary  inoculation  of  putrid  material  or  by  the 


.s^^zJ^.  »s.el  "Sirs    -eSlisl!  S  z 

occasionaUy  reduced  to  masses  of  bacilli,    x  -00.  ^koch.; 

inoculation  of  the  blood  of  the  animal  which  had  died,  it  is  found  to 
contain  myriads  of  minute  baciUi.  The  accompanying  figure  (Fig.  108  a) 
from  Koch's  work,  showing  the  appearances  presented  by  a  drop 
of  blood  stained  with  methylviolet,  dried,  and  mounted  m  Canada 
balsam,  gives  some  idea  of  the  appearance  of  these  bacilh.    Then-  size, 
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as  compared  with  that  of  the  anthrax  bacilhis,  is  shown  by  contrast  with 
the  other  figure  (Fig.  108  ft).  They  can  be  shown  also  to  be  actually 
present  in  the  blood-vessels  in  enormous  numbers,  as  in  Fig.  109,  in  which 
a  vein  from  the  diaphragm  is  represented,  prepared  by  Koch's  method, 
[n  this  figure  the  relation  of  the  bacilli  to  the  white  corpuscles  is  seen. 
They  penetrate  into  them,  multiply  in  their  interior,  and  finally  break 
them  up.  Many  clusters  of  bacteria  which  might  be  taken  for  zoOgloea 
have  this  origin.  The  bacilli  are  found  not  alone  in  the  blood  but  their 
path  of  entrance  is  discoverable.  In  the  subcutaneous  tissue  in  the 
•neighbourhood  of  the  inoculated  spot  they  are  very  numerous,  and  they 
.may  extend  widely  in  the  loose  connective  tissue,  but  do  not  pass  into 
the  lymphatic  vessels,  although  apparently  finding  access  readily  to  the 
blood-vessels. 

The  explanation  of  these  facts  is  obvious.  The  putrid  material 
originally  used  contains  many  forms  of  bacteria.  Many  of  these  are,  in 
relation  to  mice,  innocent,  but  there  is  a  form  usually  present  (appar- 
ently in  small  numbers)  which  is  capable  of  multiplying  in  the  body  of 
this  animal.  If  bacteria  of  this  kind  be  present  in  the  fluid  inoculated, 
they  multiply  in  the  subcutaneous  tissue  and  pass  into  the  blood-vessels, 
producing  the  disease  which  Koch  calls  septicaemia  of  mice.  We  shall 
not  here  follow  the  further  facts  in  connection  with  this  disease,  as  they 
will  come  up  more  suitably  afterwards. 

A  somewhat  similar  but  even  more  virulent  infective  disease  has  been 
produced  in  rabbits,  by  the  injection  of  putrid  material.  This  disease 
has  been  more  particularly  studied  by  Coze  and  Feltz  and  Davaine. 
For  the  first  infection  a  large  quantity  of  putrid  material  is  required, 
and  it  is  to-be  remarked  that  while  different  kinds  of  fluid  will  produce 
the  disease,  such  as  putrid  blood,  or  peritoneal  fluid,  or  the  slime  of 
sewers,  yet  these  materials  often  fail  entirely.  When  the  disease  is 
produced,  the  animal  begins  to  sicken  in  ten  to  twelve  hours,  and  dies 
rapidly  in  about  six  or  eight  hours  more.  While  it  takes  a  considerable 
quantity  of  the  original  fluid  to  produce  the  disease,  a  much  smaller 
quantity  of  blood  from  the  animal  killed  by  the  disease  suffices  to  pro- 
duce it  in  a  fresh  animal.  Very  striking  statements  have  been  made, 
on  the  ground  of  Davaine's  observations,  as  to  the  progressive  virulence 
of  this  disease  when  propagated  from  one  animal  to  another.  It  has 
been  said  that  as  generation  after  generation  is  infected,  a  smaller  dose 
is  needed  till  the  disease  can  be  certainly  produced  by  a  trillionth  part 
of  a  drop  of  blood.  The  observations  of  Koch,  hoAvever,  seem  to  show 
that  these  statements  have  arisen  largely  from  misapprehension  even  of 
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Davaine's  own  observations.  It  is  true  that  the  propagated  disease  may 
be  produced  by  such  minute  doses  of  blood,  but  it  does  not  need  to  be 
propagated  through  several  generations.  In  the  first  or  at  most  the 
second  generation  it  reaches  its  maximum  of  virulence,  and  a  mininmin 
dose  is  as  capable  of  producing  the  disease  as  in  a  later  generation. 

Now  this  septicsemia  of  rabbits  is  also  produced  by  a  bacillus,  Imt  one 
of  larger  size  than  that  of  the  septicaemia  of  mice.  Koch  succeeded  in 
obtaining  a  disease  which  he  beheves  to  be  identical  with  Davaine's 
putrid  infection,  and  the  bacteria  Avere  rods  about  a  half  larger  than 
those  of  the  septicaemia  of  mice,  and  with  a  clear  space  in  the  middle, 
while  the  poles  were  opaque,  giving  a  kind  of  figure-of-eight  appearance. 
This  disease  Avas  communicable  to  several  other  animals,  and  in  the  blood 
of  these  animals  the  parasite  Avas  found  to  have  multiphed. 

It  is  clear  from  these  observations  that  putrid  material  contains 
bacteria  which  may  conveniently  be  classed  into  tAvo  groups  in  theii' 
relations  to  the  living  animal.  The  members  of  the  one  group  produce, 
it  may  be,  chemical  matters  Avhich  are  poisonous  to  the  living  animal, 
but  they  themselves  are  innocuous,  or  at  least  the  Hving  tissues  are  able 
to  resist  their  action  and  annul  their  virulent  properties.  The  other 
class  are  able  to  propagate  themselves  in  the  animal  body  and,  probably 
by  means  of  the  chemical  changes  Avhich  they  effect  in  the  blood,  they 
produce  symptoms  Avhich  are  rapidly  fatal.  To  the  latter  class  of  bac- 
teria the  adjective  pathogenic  may  be  conveniently  apphed,  and  the 
class  may  be  conveniently  extended  to  include  all  bacteria  which  by 
propagating  themselves  inside  the  body  produce  morbid  conditions  m 
it.  These  pathogenic  organisms  are  of  great  importance  not  only  m 
regard  to  septic  infection  but,  as  we  shall  see  afterwards,  in  relation 

to  other  diseases. 

In  the  case  of  the  pathogenic  bacteria  already  mentioned  efforts 
have  been  made  to  cultivate  them  in  the  pure  state  outside  the  bod}-^ 
In  ordinary  putrid  fluid  they  are  mixed  up  with  other  organisms  and 
may  be  difficult  to  distinguish,  but  by  using  those  developed  m  the 
blood  of  the  animals  a  pure  cultivation  may  be  obtained.    The  bacillus 
of  the  septicaemia  of  mice  has  been  fbund  to  grow  best  m  an  mfusion 
of  flesh  to  which  has  been  added  1  per  cent,  of  peptone,  0-6  per  cent  of 
common  salt,  and  enough  phosphate  of  soda  to  produce  a  weak  alkahne 
reaction     This  fluid  may  be  rendered  semi-solid  by  melting  gelatme 
with  it,  and  in  this  form  it  may  be  spread  out  on  microscopic  shdes 
and  the  blood  containing  bacteria  sown  on  it.    The  bacteria  cultivated 
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in  this  way  multiply  vigorously  and  they  retain  their  pathogenic 
character.  Koch  and  his  assistants  have  cultivated  them  through 
thirty-five  generations  and  found  them  equally  virulent  throughout. 
The  bacillus  of  the  septicsemia  of  the  rabbit  has  also  been  cultivated  m 
flesh  infusion  and  peptone  or  blood  serum  stiffened  with  gelatine. 
They  also  have  been  cultivated  through  nineteen  generations  and  found 
perfectly  infective  at  the  end. 

We  shall  return  afterwards  to  the  subject  of  pathogenic  bacteria, 
and  meanwhile  the  characters  of  those  just  described  must  be  borne 
in  mind. 

Pyemia.  We  have,  hitherto  considered  those  conditions  connected 

with  the  absorption  of  putrid  material  in  which  the  action  of  the  viru- 
lent matter  is  mainly  on  the  blood  ;  we  have  still  to  consider  those  cases 
in  which  local  inflammations  result  from  the  penetration  of  decomposing 
material. 

The  name  py^.mia  is  now  commonly  used  to  designate  those  con- 
ditions in  which  as  a  result  of  the  absorption  of  putrid  substances 
multiple  abscesses  occur  in  the  body.  The  occurrence  of  these  multiple 
inflammations  implies  that  a  violent  irritant  is  carried  inwards  and  acts 
on  the  tissues.  It  may  be  said  at  once  that  these  inflammations  are 
always  associated  with  the  presence  of  bacteria,  which  may  at  first  be 
carried  to  the  part  in  small  numbers  but  afterwards  grow  into  colonies. 
These  organisms  will  primarily  have  their  seat  in  the  vessels,  and  the 
inflammations  will  therefore  have  an  EMBOLIC  ORIGIN.  Sometimes  con- 
siderable pieces  of  broken-down  thrombi,  arising  as  we  shall  afterwards 
see,  are  carried  inwards  and  plug  arteries  ;  in  other  cases  it  is  minute 
fragments  which  are  conveyed,  and  they  stick  in  the  cajjillaries.  As  we 
have  seen,  however,  the  bacteria  are  self -propagating,  and  even  a 
capillary  embolism  may  set  up  a  considerable  inflammation.  Let  us 
now  trace  the  course  of  events  in  an  ordinary  case  of  pyaemia. 

When  putrid  material  is  introduced  into  the  blood  from  a  Avound, 
the  active  bacteria  are  usually  destroyed  by  the  living  blood  or  vessels, 
and  the  result  produced  is,  as  we  have  already  seen,  a  septic  poisoning. 
But  under  certain  circumstances,  putrid  material  passes  into  the  open 
mouths  of  veins,  and  the  bacteria  contained  in  the  material  survive 
and  propagate.  The  first  result  produced  is  thrombosis  in  the  veins. 
By  and  by  the  thrombi  begin  to  soften,  and  they  break  down  into 
a  yellow  material  resembling  pus.  Hence  the  softening  is  sometimes 
called  yellow  or  piiriform  softening.    The  material  is  not  pus  however, 
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it  is  composed  of  the  debris  of  the  thrombus,  along  with  the  organisms 
which  have  been  the  chief  agents  in  the  coagulation  and  in  the  subse- 
quent softening. 

It  is  easy  enough  to  determine  the  presence  of  these  bacteria  l)oth 
here  in  their  original  seat  and  in  the  embolisms  which  are  secondarily 
produced,  but  it  is  much  more  difficult  to  determine  their  exact  nature 
and  relations.  It  is  clear  that  they  are  different  from  the  ordinarj 
bacteria  of  decomposition,  the  form  called  bacterium  termo.  The 
fact  that  they  survive  within  the  body  is  evidence  of  this,  but  it  is 
also  evidenced  by  the  communicability  of  the  disease.  Pyaemia  when 
it  once  occurs  in  a  hospital  ward  is  very  apt  to  spread  to  other  patients 
who  have  septic  wounds.  Puerperal  fever,  which  is  often  a  form  of 
pyaemia,  is  known  to  be  in  the  highest  degree  communicable.  The 
probability  is  that  we  have  here  to  do  with  a  specially  virulent  form  of 
bacterium  which  occasionally  develops  in  putrid  Avounds.  It  does  not, 
.  like  the  septicaemia  bacterium,  propagate  to  any  considerable  extent  in 
the  circulating  blood,  but  being  carried  along  it  fixes  itself  at  particular 
points  and  there  forms  colonies.  It  is  even  doubtful  whether  it  is 
always  the  same  bacterium  which  is  concerned  in  pyaemia.  The  form 
in  most  if  not  all  cases  is  that  of  the  micrococcus. 

To  return  to  the  softened  thrombus,  it  is  clear  that  when  the  coagu- 
lum  has  broken  down,  the  soft  material  and  shreds  of  thrombus  will 
pass  up  the  vein  and  into  the  circulation,  being  carried  to  the  right  heart 
and  the  lungs.  In  passing  up  the  veins  it  soon  produces  a  second  throm- 
bosis, which  for  a  time  shuts  off  the  vein  with  its  softened  contents 
from  the  rest  of  the  circulation.  The  soft  material  at  once  proclaims  its 
virulent  character  by  setting  up  an  acute  inflammation  in  the  walls  of 
the  vein,  and  this  inflammation,  hke  others  produced  by  this  virus, 
rapidly  runs  on  to  suppuration,  so  that  a  suppurative  phlebitis  is  the 
result.  On  post-mortem  examination  the  vein  or  veins  are  often  found 
full  of  pus,  and  this  led  earlier  observers  to  infer  that  a  phlebitis  was 
the  origin  of  the  disease.  The  name  pyaemia  also  is  derived  from  the 
presence  of  pus  in  the  veins,  and  its  inferred  entrance  into  the  blood. 

It  will  be  understood  that  successive  coagulation  and  successive 
softenings  of  thrombi  will  occur,  and  that  on  each  occasion  a  fresh 
series  of  embolisms  will  result.  The  products  of  the  decomposition  will 
also  be  conveyed  into  the  circulation,  and  so  a  septic  poisoning  Avill 
coexist. 

We  have  now  to  trace  the  effects  which  those  emboh  produce  ni 
distant  organs,  and  it  must  be  borne  in  mind  that  they  are  infective 
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emboli,  containing  organisms  which  in  some  way  produce  an  intense 
irritation  leading  to  necrosis  and  inflammations  with  a  tendency  to 
develop  suppuration  very  rapidly.  The  embolisms  will  occur  primarily 
in  the  lungs,  Avhere  we  meet  most  constantly  with  the  characteristic 
metastatic  abscesses.  Many  times  the  emboli,  especially  when  super- 
ficial, lead  in  the  first  place  to  hfEmorrhagic  infarctions  having  the  usual 
characters,  but  these  soon  break  down  into  collections  of  pus  with  the 
slough  of  lung  tissue  in  the  midst.    If  the  embolism  does  not  issue  in 


I'lg.  110.— Pysemic  abscess  of  kidney ;  a,  necrosed  central  part  ;  b,  area  of  inflammation,  the 
tissue  packed  with  pus  corpuscles  ;  c,  capillaries  fiUed  with  micrococci :  d,  Malpiehian 
glomeruli ;  c,  uriniferous  tubules,    x  m. 

the  infarction,  then  the  first  result  of  the  inflammation  is  a  condensation, 
the  air  vesicles  being  filled  up  with  inflammatory  products,  a  grey 
hepatization,  which  rapidly  gives  way  to  a  purulent  inflammation  with 
necrosis  of  lung  tissue.  These  various  stages  may  be  visible  side  by 
•side  in  the  same  lung.  If  an  abscess  be  near  the  surface,  the  inflam- 
mation spreads  to  the  pleura,  and  an  acute  pleurisy  having  the  same 
•suppurative  tendency  results. 

Besides,  in  the  lung  we  may  have  abscesses  in  various  other  organs. 
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The  infective  material  may  pass  through  the  lung  capillaries,  or  else 
thrombosis  having  occurred  in  the  pulmonary  veins  in  connection  with 
the  abscesses,  pieces  of  the  thrombi  may  be  afterwards  earned  away. 
In  this  way  abscesses  not  infrequently  occur  in  the  muscular  substance 
of  the  heart,  in  the  voluntary  muscles,  in  the  liver,  kidney,  etc.  More- 
over, suppurations  occur  not  infrequently  in  the  joints,  and  it  may  be 
in  those  far  removed  from  the  seat  of  the  original  wound.  These 
secondary  suppurations  in  the  muscles  and  kidney  are  usually  small 
but  often  very  numerous,  and  we  can  understand  this  from  the  fact  that 
the  pieces  of  thrombus  which  pass  the  lung  capillaries  must  be  small, 
and  will  obstruct  either  small  arteries  or  capillaries. 

In  the  accompanying  figure  (Fig.  110),  the  appearances  of  apyaemic 
abscess  of  the  kidney  in  process  of  formation  are  shown.  The  prepara- 
tion was  stained  with  aniline  brown.  The  central  part  (a)  is  hardly  at  all 
coloured ;  necrosis  has  occurred  in  it,  and  consequently  the  nuclei  are 
no  longer  stained.  In  this  area  a  high  power  showed  numerous  scat- 
tered bacteria.  In  the  zone  next  the  necrosis  {b  in  figure)  there  are 
myriads  of  leucocytes  produced  by  the  inflammation.  At  c,  c,  c,  are 
seen  capillaries  filled  with  bacteria.  The  artery  whose  obstruction  was 
the  primary  lesion  is  not  shown  in  this  section,  but  many  capillaries 
around  are  filled  with  organisms. 

A  capillary  containing  the  organism  is  shown  in  Fig.  1116,  and  this 

figure  illustrates  another  fact. 
The  figure  was  drawn  from  a 
preparation  stained  with  aniline 
brown,  and  Abbe's  illuminating 
apparatus  was  used.  As  we 
have  seen  already,  the  effect  of 
this  is  to  bring  into  prominence 
all  coloured  objects,  while 
those  which  are  unstained  are 
scarcely  visible.  In  this  case 
the  nuclei  of  the  uriniferous 

Fie   111.— Capillary  blood-vessel  6  in  kiduey  filled                              c+o^norl  well 

with  micrococci,  from  a  case  of  pyajmia.    There  is  a  tubulcS     are    staiued  aS  WeU 

tubule  on  either  side  (a,  a),  the  miclei  of  whicli  are                  hnrfpria    and  thcV  are 

visible  except  in  the  neiglibourhood  of  the  capillary.  aS  tUC    DaCterid,   auu  uiioj 

X  650.  represented  in  the   figure  at 

a  a  In  the  figure  a  tubule  on  either  side  of  the  capillary  is  shown 
and  it  will  be  noticed  that  the  nuclei  on  the  sides  of  the  tubule  distal 
to  the  capillary  are  stained,  while  those  next  it  are  not.  Here  agam  ^^'e 
have  evidence  that  the  first  eftect  of  the  bacteria  is  to  cause  necrosis,  it 
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is  seen  also  that  necrosis  is  produced  at  a  certain  distance  from  the 
bacteria  in  the  uriniferous  tubule  while  the  bacteria  are  in  the 
capillary.    The  organism  here  is  a  micrococcus. 

In  the  liver  the  abscesses  are  frequently  large,  and  they  may  be 
present  here  while  absent  in  the  lungs.  There  are  also  not  infrequently 
considerable  collections  of  pus  in  the  joints.  In  these  cases  of  the  liver 
and  joints  it  is  probable  that  the  phenomena  are  not  so  much  embohc 
in  the  sense  that  distinct  pieces  of  coagulum  with  bacteria  are  carried 
off,  but  rather  that  single  bacteria  or  groups  are  conveyed  by  the  blood, 
settle  in  the  part,  and  propagate.  The  blood-current  in  the  liver  is  so 
slow  that  bacteria  may  readily  lodge  in  the  capillaries,  and  there 
multiply.  In  the  case  of  the  joints  also,  if  they  once  get  admission  to 
the  interior,  they  are  likely  to  multiply  in  the  synovial  fluid,  and 
produce  a  general  inflammation. 

Besides  these  embolic  phenomena,  the  blood  is  altered.  We  have 
seen  that  it  is  poisoned  with  the  products  of  decomposition,  and  it  may 
be  as  a  result  of  this  that  the  red  corpuscles  are  to  some  extent  dis- 
solved, their  colouring  matter  staining  the  tissues  and  producing  icterus, 
called  haematogenous,  as  the  colouring  matter  is  directly  derived  from 
the  blood.  There  is  also  an  increase  in  the  proportion  of  white  cor- 
puscles as  compared  with  the  red,  a  leucocytosis. 

Such  is  the  ordinary  course  of  events  in  pyaemia,  but  there  are  cases 
in  which  no  thrombosis  is  discoverable  in  the  veins.  Putting  aside 
cases  in  which  thrombosis  is  present,  but  in  such  small  veins  that  it  is 
not  discovered,  there  are  undoubted  cases  in  which  abscesses  occur  in 
liver,  kidney,  spleen,  and  muscles,  and  suppuration  in  joints  without  any 
preceding  thrombosis.  These  cases  are  to  be  accounted  for  on  the  sup- 
position that  the  bacteria  are  introduced  from  the  wound  in  such  small 
numbers  that  they  do  not  cause  thrombosis  in  the  veins,  and  conse- 
quently in  these  cases  the  probability  is  that  they  will  pass  through  the 
lungs  and  over  into  the  systemic  circulation.  The  frequency  of  abscesses 
in  the  liver  in  such  cases  will  be  readily  understood  from  what  has  gone 
before. 

To  these  we  have  to  add  a  further  class  in  which  multiple  abscesses 
occur  without  any  external  wound  being  discoverable.  Some  of  these 
are  associated  with  ulcerative  endocarditis,  in  which,  with  an 
inflammation  of  the  valvular  structures,  there  is  an  aggregation  of 
organisms,  but  there  are  cases  in  which  no  such  connection  can  be 
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found,  and  these  are  sometimes  called  cases  of  spontaneous  pyaemia. 
In  this  condition,  as  well  as  in  ulcerative  endocarditis,  the  mode  of 
entrance  of  the  bacteria  is  obscure. 

It  is  probable  that  in  pytemia,  and  in  other  diseases  of  a  like  nature, 
the  bacteria  do  not  of  themselves  produce  the  intense  irritation  mani- 
fested. It  is  the  chemical  products  evolved  by  them  that  irritate. 
Hence  the  inflammation  is  frequently  present  for  a  considerable  distance 
beyond  the  seat  of  the  bacteria,  the  irritant  passing  out  from  them  and 
acting  on  the  tissues. 


Pathogenic  Bacteria  in  Acute  Specific  Diseases. — We  have 
now  to  leave  the  diseases  connected  with  putrid  wounds,  and  consider 
the  question  whether  pathogenic  bacteria  exist  apart  from  these.  Much 
that  has  been  already  said  will  be  of  assistance  here,  and  it  will  be 
necessary  to  make  frequent  reference  to  the  facts  already  adduced.  The 
diseases  as  they  occur  in  man  can  only  be  made  the  subject  of  experi- 
mentation to  a  limited  extent,  and  so  recourse  must  be  had  to  the 
similar  diseases  in  animals. 

Bacteria  have  been  found  in  the  tissues  in  a  large  number  of  acute 
diseases  in  man,  and  most  of  these  diseases  belong  to  the  class  of  zymo- 
tics.  Among  the  diseases  in  which  up  to  the  present  such  organisms 
have  been  seen  may  be  mentioned  small-pox,  scarlet  fever,  measles, 
diphtheria,  acute  rheumatism,  erysipelas,  typhoid  fever,  tj^phus  fever, 
splenic  fever,  relapsing  fever,  pneumonia,  leprosy,  tuberculosis.  All 
that  is  asserted  in  the  meantime  is  that  bacteria  have  been  observed  in 
these  diseases  ;  it  is  not  meant  that  each  of  these  diseases  depends 
necessarily  on  a  specific  form  of  micro-organism. 

Most  of  these  diseases  have  several  things  in  common  with  the 
septicemias  of  mice  and  rabbits,  and  it  may  be  interesting  to  consider 
these  points  as  well  as  some  others,  and  to  look  at  them  in  the  light  of 
ascertained  facts.  Most  of  them  are  communicable  or  infectious;  that  is 
to  say,  they  are  capable  of  being  produced  by  the  introduction  of  small 
quantities  of  their  peculiar  virus  into  the  body.  We  have  to  inquire  to 
what  extent  this  virus  is  ascertained  to  be  related  to  micro-organisms. 
Some  of  these  diseases  are  apparently  derived,  not  from  persons  already 
the  subjects  of  them,  but  rather  intermediately  from  foreign  substances 
taken  into  the  body.  We  have  to  inquire  whether  there  is  evidence 
that  the  micro-organisms  of  any  of  them  are  capable  of  cultivation  out- 
side the  body,  and  in  what  kinds  of  media.  Many  of  these  diseases, 
when  once  they  attack  a  person,  create  a  complete  or  comparative  im- 
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mimity  against  further  attacks.  We  have  to  inquire  what  hght  can  be 
thrown  on  this  fact.  Under  these  three  headings,  we  shall  consider 
this  subject. 

(1)  The  relation  of  micro-organisms  to  zymotic  diseases. — 
Although  our  information  in  re- 
gard to  the  causation  of  most  of 
the  specific  fevers,  and  other  in- 
fective diseases,  is  very  imperfect, 
.still  there  are  several  in  which 
the  evidence  is  tolerably  clear  that 
they  are  as  closely  related  to  bac- 
teria as  are  the  septicaemias  of 
rabbits  and  mice. 

Of  these  the  most  fully  inves- 
tigated is  the  disease  now  com- 
monly called  SPLENIC  fever,  but  which  has  also  the  names  anthrax,  char- 


Fig.  112. — Bacillus  anthracis,  and  of  the  septi- 
csemia  of  mice.       700  (Koch.) 


//I 


V5 


////  \  ^^j- 

i 


/I 


Fig.  lia.— Villus  of  intestine  in  anthrax,  the  bacilli  visible  as  minute  threads,    x  250.  (Keen.) 

■  bon,malignant  pustule,  etc.  This  is  a  disease  exceedingly  prevalent  among 
our  domestic  animals,  especially  cattle,  and  it  is  sometimes  propagated 


254 


PARASITES. 


to  man  from  these.  The  disease  is  an  acute  fever,  in  most  cases  begin- 
ning with  shivering,  and  going  on  with  elevation  of  temperature  to  a 
fatal  issue.  It  sometimes  has  the  characters  of  a  local  disease  in  the 
form  of  a  malignant  boil  or  pustule,  and  in  many  of  these  cases,  as  well 
as  occasionally  in  cases  of  general  infection,  it  does  not  prove  fatal. 
Death,  however,  generally  occurs,  both  in  animals  and  man,  in  from 
twenty-four  to  forty  hours  after  the  onset  of  the  first  symptoms. 

Now,  in  this  disease  there  is  present  in  the  blood,  and,  if  there  is  a 
local  manifestation  in  the  fluids  of  the  part,  a  very  definite  form  of 
bacterium  which  is  called  the  BACILLUS  ANTHRACIS.  It  is,  as  compared 
with  most  of  these  organisms,  of  a  large  size,  as  may  be  seen  by  com- 
paring Fig.  112  a,  in  which  it  is  represented,  with  Fig.  112  5,  in  which 
the  bacillus  of  the  septicaemia  of  mice  is  shown.  In  its  distribution,  the 
bacillus  anthracis  is  very  like  the  last-named  form.    It  is  present  in 

quite  enormous  numbers  in 
the  blood  of  animals  which 
have  died  of  splenic  fever.  If 
an  organ  be  hardened  in  alco- 
hol, and  fine  sections  stained 
with  methylviolet  in  the  Avay 
already  indicated,  an  appear- 
ance is  presented  under  a  low 
power  as  if  the  capillaries  were 
occupied  by  a  blue  injection 
material.    The  accompanying 
figure  (Fig.  113)  from  Koch's 
work  shows  the  appearance 
presented  by  the  villus  of  the 
intestine  in  a  rabbit.  Under 
a  high  power  this  blue  injec- 
tion resolves  into  bacilli,  as 
shown  in  Fig.  1 14,  and  it  will 
be  seen  that  these  are  present 
enormous  numbers.  The 
bacilli  are  present  in  the  capil- 
laries, and  hardly  at  all  in  the 
arteries  and  veins,  but  as  they 
exist  in  the  capillaries  appar- 
ently of  every  organ  they  must  be  in  incredible  numbers.   The  smallest 
(quantity  of  blood  from  such  an  animal  inoculated  into  a  hving  animal 


pi,r  114  —From  same  preparation  as  Fig.  113,  more 
higWy  magnified.  The  bacilli  visible  as  definite  rods. 
X  700.  (Koch.) 
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such  as  the  mouse,  produces  the  disease,  and  there  is  the  same  enormous 
reproduction  of  the  organism  in  the  blood.  It  is  clear,  therefore,  that 
this  disease  stands  in  the  same  relation  to  this  particular  form  of 
bacillus  as  do  the  septicjemias  of  rabbits  and  mice  to  theirs. 

In  the  next  place,  we  have  one  of  the  acute  fevers — relapsing 
FEVER — associated  with  the  presence  in  the  blood  of  a  distinct  micro- 
organism of  a  spiral  form.  This  organism,  which  is  shown  in  Fig.  115, 
belongs  to  the  class  spirillum,  its  specific  name  being  Spirochseta  Ober- 
meieri,  from  its  discoverer  Obermeier.  Spiral  organisms  have  been 
found  in  stagnant  water,  so  that  this  form  is  not  without  its  analogues 
in  organisms  met  with  outside  the  body.  The  spirilla  are  met  with  in 
the  blood,  and  their  detection  is  rendered  the  more  easy  from  the  lively 
movements  which  they  exhibit,  causing 
the  blood  corpuscles  to  be  moved  about 
to  some  extent.  That  the  disease  de- 
pends on  this  organism  seems  to  be 
■established  from  the  fact  that  it  is  al- 
ways present  in  the  blood  during  the 
acute  stage  of  the  disease,  disappearing, 
however,  in  the  interval  of  defervescence, 
but  reappearing  when  the  fever  recurs. 
The  disease  had  not,  till  recently,  been    Fig.  115.— Blood  from  case  of  relapsing 

^  fever,  showing  corpuscles  and  spirillum 

■conveyed  to  animals  by    inoculation    of  Obermeien.    x  750.  (Carter.) 

the  blood,  but  now  it  has  been  communicated  to  monkeys,  and  the  spir- 
illum has  been  found  in  these  animals  just  as  in  that  of  man.  Other 
animals  seem,  so  far,  to  present  an  immunity  against  this  form  of 
organism.  A  full  account  of  this  organism  is  to  be  found  in  an 
■excellent  work,  recently  published  by  Vandyke  Carter,  on  "  Sj)irilluin 
Fever  as  seen  in  Western  India."  Dr.  Carter  was  the  first  to  com- 
municate the  disease  to  monkeys  by  inoculating  with  the  fresh  blood 
of  patients  with  relapsing  fever. 

Typhoid  fever  is  another  disease  in  which  a  special  form  of  bacillus 
has  been  observed.  In  this  reference  the  observations  of  Eberth  (Vir- 
chow's  Archiv,  vols.  80  and  83)  are  the  most  important.  He  has  found 
a  bacillus  in  the  lymphatic  organs  of  the  abdomen,  namely,  in  the  closed 
folHcles  of  the  intestine,  in  the  mesenteric  glands,  and  in  the  spleen 
(Fig.  116).  This  organism  appears  to  stand  in  definite  relation  to  the 
duration  of  the  disease.  At  the  beginning  of  the  disease,  and  at  its 
height,  before  the  sloughing  of  the  intestines  has  occurred,  it  is  present 
most  abundantly,  but  as  the  "disease  becomes  prolonged  it  diminishes 
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and  disappears.  In  the  cases  investigated  it  was  found  in  a  half,  l)eing 
absent  in  the  more  advanced  cases.    This  bacillus  does  not  stain  so  well 

as  most  forms,  Avhen  sections 
have  been  made  of  organs  har- 
dened in  alcohol,  and  it  is  most 
readily  seen  when  it  happens 
to  be  in  colonies.  But,  if  a 
lymphatic  gland  be  laid  open 
in  the  recent  state,  and  a  little 
of  the  juice  from  it  spread  on  a 
coverglass,  and  stained  in  the 
way  already  described  after 
drying,  then  the  rods  will  stain 
well,  and  we  obtain  an  appear- 

Pig.  116.— BaciUus  from  lymphatic  gland  m  a  case  ance  like  that  shoWU  in  the 
of  typhoid  fever,    x  1800.  n 

figure. 

As  somewhat  less  known,  it  may  be  mentioned  that  bacilli  have  been 
found  in  MALARIAL  FEVERS.  Klebs  and  Tomasi  CrudeH  {Archiv  f. 
Mper.  Path.  vol.  11)  have  found  in  the  air  of  malarial  districts  in  Italy 
a  bacillus  which  they  were  able  to  cultivate  out  of  the  body  and  inocu- 
late in  animals.  They  found  a  similar  bacillus  in  the  blood  of  men  who 
had  died  of  malarial  fever.  Klebs  also  states  that  in  the  blood  in 
typhus  fever  there  is  a  form  of  bacterium  present. 

We  have  already  seen  that  TUBERCULOSIS  is  to  be  added  to  the  Hst 
of  diseases  due  to  a  specific  bacillus  (see  Fig.  54,  p.  158). 

Hansen  and  Neisser  have  described  a  bacillus  as  being  universally 
present  in  the  nodules  in  the  skin  in  leprosy.  These  bacilli  he  partly 
in  the  round  cells  of  the  nodules.  Klebs  asserts  that  bacteria  which  can 
be  cultivated  are  to  be  found  in  the  syphilitic  chancre,  but  these 
observations  stand  in  need  of  confirmation. 

Erysipelas  is  another  disease  in  which  bacteria  have  been  found  by 
several  observers.  The  bacteria  occur  in  the  lymphatics  and  lymph 
spaces,  according  to  some  also  in  the  blood-vessels.  In  the  milder  cases 
the  organisms,  which  are  in  the  form  of  micrococci,  are  comparatively 
few  in  number,  but  in  the  more  severe  forms  they  fill  out  the  lymph- 
spaces  so  as  to  give  almost  the  appearance  of  an  injection  of  them  with 
finely  granular  material  (see  Fig.  117).  The  organisms  are  to  be  found 
only  at  the  advancing  edge  of  the  erysipelas ;  when  the  inflammation 
once  becomes  pronounced  with  rich  exudation  of  leucocytes  then  the 
organisms  disappear. 
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Ulcerative  endocarditis  is  a  condition  in  which  with  acute  inflam- 
mation of  the  valvular  structures  of  the  heart  there  is  loss  of  substance 
by  ulceration.  On  the  in- 
flamed surface  there  are 
colonies  of  bacteria,  and 
these  are  evidently  of  a 
virulent  kind,  like,  if  not 
identical  with,  those  in 
pyaemia.  Pieces  of  the 
softened  valvular  struc- 
ture with  the  bacteria  are 
carried  off,  and  produce 
embolism  in  various  or- 
gans. The  disease  occurs 
nearly  always  in  the  valves 
of  the  left  side  of 


Fig.  117. — From  the  skin  iu  ,a  case  of  erysipelas.  The  upper 
j.'u  drawing  shows  a  lymphatic  vessel  at  the  border  of  a  sebaceous 
I'lie  gland  fiUed  with  micrococci.   The  lower  shows  a  straight 

heart,  mainly  the  aortic,  ^'^"^'^^  similarly  flUed.  x  350. 

and  so  the  emboli  are  carried  by  the  systemic  arteries.  Where- 
ever  they  come  to  rest  the  emboli  produce,  like  septic  emboli, 
necrosis  of  the  immediately  neighbouring  tissue  and  acute  inflam- 
mation, going  on  to  suppuration  around.  Hence  we  have  multiple 
abscesses,  often  with  hisemorrhage,  in  the  kidneys,  muscles,  heart,  skin, 
etc.  In  the  midst  of  these  abscesses  the  micrococci  may  be  found  even 
when  the  pus  corpuscles  are  crowded  together.  It  may  be  added  here 
that  in  ordinary  acute  endocarditis  micrococci  have  been  asserted 
by  Koster  to  exist,  not  on  the  surface  but  in  the  substance  of  the  altered 
valvular  structure,  and  that  by  some,  acute  rheumatism  which  is  the 
usual  cause  of  acute  endocarditis  is  regarded  as  due  to  the  presence  of 
bacteria  in  the  blood. 


Without  going  further  into  particulars  it  may  be  said  that  in  a  num- 
ber of  other  diseases  bacteria  have  been  found  in  the  blood  or  locally, 
although  the  question  whether  these  are  specific  or  are  the  generators  of 
the  disease  must  remain  in  abeyance.  In  diphtheria  they  have  been 
found  in  the  exudation  on  the  mucous  membranes,  and,  by  some,  in 
their  substance.  In  scarlatina  and  diphtheria  they  have  been  found 
m  the  kidneys  occupying  the  capillaries  (Fig.  118),  and  uriniferous 
tubules.  In  small-pox  they  have  been  seen  in  the  capillaries  of  the 
kidney  and  liver.  In  acute  pneumonia  micrococci  have  been  found 
occupying  the  lung  alveoH  at  the  advancing  border  of  the  disease,  in 
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this  respect  resembling  those  of  erysipelas,  and  they  have  been  seen  also 
in  the  capillaries  of  the  kidney. 

It  is  here  to  be  stated 
that  our  knowledge  of  the 
organisms  in  the  diseases 
mentioned  in  the  preceding 
paragraph  is  at  present  ex- 
ceedingly imperfect.  It  is 
remarkable  that  the  organ- 
isms are  found  in  the  capil- 
laries of  the  kidneys  in  so 
many  cases.  The  explana- 
tion of  this  may  be  that  at 
the  time  of  death  the  liacteria 
are  present  there  in  very 

Fig.  118. — Prom  a  section  of  the  kidney  in  a  case  of  ■■  i     i.x.  ± 

.scarlet  fever.  A  capillary  blood-vessel  distended  with  Small  numbers,  and  tuat 
bacteria  is  shown,  with  uriniferous  tubules  around.  X 350.     j.,        j  „ 

after  death  they  grow  into 
considerable  colonies.  There  is  not  usually  evidence  of  considerable 
inflammation  around  the  colonies,  and  so  they  can  hardly  have  existed 
long  before  death.  The  mere  fact  of  their  presence,  however,  is  im- 
portant as  connecting  these  diseases  with  micro-organisms. 

(2)  Cultivation  of  pathogenic  organisms  outside  the  body. 
We  have  already  seen  that  in  the  case  of  the  septicaemias  of  mice  and 
rabbits  the  micro-organisms  are  capable  of  cultivation  outside  the  li-\Tng 
body,  and,  if  this  can  be  done  in  the  case  of  the  acute  infective  diseases 
of  man  then  much  light  will  be  thrown  on  the  origin  and  extension  of 
these  diseases.  In  the  case  of  infective  diseases  arising  from  septic 
wounds,  there  is  no  difficulty  in  believing  that  the  bacteria  develop  in 
the  putrid  exudations.  In  decomposing  fluids  there  are  numerous 
micro-organisms,  and  apparently  a  considerable  variety  of  kinds. 
Certain  of  these  seem  adapted  to  one  kind  of  animal  and  certain  to 
others.  But  when  we  come  to  the  acute  fevers  there  are  as  yet  few 
facts  having  any  considerable  degree  of  certainty.  Concerning  one 
disease,  however,  our  knowledge  is  tolerably  complete,  and  on  this 
account  it  will  be  treated  of  here  in  some  detail. 

The  bacillus  anthracis  exists,  as  we  have  seen,  in  the  blood  of 
animals  affected  with  splenic  fever,  in  the  form  of  minute  rods,  as  in  Fig. 
113.  In  the  blood  it  seems  incapable  of  existing  in  any  other  form,  but 
it  can  be  readily  cultivated  outside  the  body.  AVhen  placed  in  a  proper 
medium  and  kept  at  a  proper  temperature,  the  motionless  rods  elongate 
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into  threads,  and  if  there  be  many  bacilli  j^resent  they  form  a  netw  ork. 
After  a  short  time  there  appear  in  the  threads  glancing  oval  bodies. 
By  and  by  the  threads  disintegrate  and  leave  these  oval  glancing  bodies 
or  spores  free  in  the  fluid.  It  has  now  been  abundantly  shown  that, 
while  the  bacilli  themselves  do  not  survive  long  in  the  dry  state,  these 
spores  are  much  more  resistant  and  can  be  preserved  for  years  in  the 
dry  condition.  At  the  end  they  are  as  capable  of  producing  the  disease 
as  ever.  These  spores  are  therefore  the  fruit  or  seed  of  the  anthrax 
bacillus,  and  may  be  the  means  of  spreading  the  disease. 

This  development  of  spores  from  the  rods  which  exist  in  the  blood 
can  take  place  in  a  large  number  of  media,  both  vegetable  and  animal. 
The  bacilli  grow  and  produce  these  spores  very  vigorously  on  the 
cut  surface  of  boiled  potatoes.  They  grow  readily  in  hay  infusion 
which  has  been  rendered  neutral  or  slightly  alkaline,  and  in  almost  all 
kinds  of  vegetable  infusions.  They  grow  readily  and  form  their  spores 
in  neutralized  or  weakly  alkaline  urine  and  in  infusions  of  animal 
structures  in  general.  It  is  quite  clear  that  scattered  over  the  surface 
of  the  earth  there  are  abundant  media  for  the  propagation  of  this 
organism.  If  an  animal  with  this  disease  is  slaughtered,  some  of  its 
blood  is  shed  in  the  earth.  If  there  is  any  piece  of  vegetable  tissue 
lying  there,  and  the  conditions  are  such  as  to  keep  it  moist  and  not  too 
cold,  and  if  it  has  not  an  acid  reaction,  then  the  bacilli  will  grow  and 
produce  their  spores.  These  spores  may  be  carried  hither  and  thither, 
and  if  by  accident  they  get  into  the  body  of  an  animal  they  elongate 
into  the  regular  rods,  multiply  with  enormous  rapidity,  and  lead  to  the 
symptoms  of  splenic  fever.  There  is  evidence  to  show  that  there  are  in 
certain  parts  areas  of  land  which  are  regarded  by  the  people  as  particu- 
larly dangerous  as  giving  origin  to  anthrax.  These  are  usually  marshy 
places,  and  the  disease  is  most  likely  to  extend  among  cattle  after 
inundations  in  which  presumably  the  water  has  carried  the  infective 
material  about.  In  these  marshy  places,  especially  if  a  chalky  sub- 
stratum keeps  the  earth  more  or  less  alkaline,  there  may  be  a  continual 
growth  of  the  bacillus  and  a  continual  danger  of  propagation. 

Another  example  of  the  propagation  of  a  pathogenic  bacterium  out- 
side the  body  is  afforded  by  Pasteur's  researches  on  chicken  cholera. 
This  disease  of  fowls  is  due  to  the  existence  in  the  blood  of  a  minute 
bacterium  constricted  in  the  middle,  so  that  at  first  it  looks  as  if  formed 
of  two  globular  bodies.  These  organisms  grow  vigorously  in  chicken 
soup  which  has  been  neutralized  and  kept  at  a  proper  temperature. 
The  organism  may  be  propagated  through  several  generations  in  the 
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chicken  soup,  and  is  as  capable  of  producing  the  disease  as  ever.  It  is 
interesting  that  this  disease  is  propagated  not  only  by  inoculation.  If  a 
few  drops  of  the  fluid  in  which  it  has  been  cultivated  be  put  on  bread, 
and  this  given  to  fowls,  the  animals  acquire  the  disease,  the  organisms 
passing  in  by  the  alimentary  canal.  This  disease  will  occupy  us  again 
in  considering  the  question  of  immunity. 

It  has  been  already  mentioned  that  the  tubercular  bacillus  has 
been  cultivated  outside  the  body  through  several  generations,  and  has 
retained  its  virulence  throughout. 

Eegarding  the  existence  of  other  pathogenic  organisms  outside  the 
body,  very  little  is  yet  known.  Most  of  these  have  been  only  recently 
discovered,  and  are  even  now  being  subjected  to  observation.  It  may 
be  said,  however,  that,  as  already  mentioned,  the  malarial  bacillus 
seems  to  exist  in  the  air  of  malarial  districts,  and  is  probably  propagated 
among  the  decayed  vegetable  substances  there.  A  bacillus  like  that  of 
typhoid  fever  has  been  described  as  having  been  found  in  the  drinking 
water  during  an  epidemic  of  typhoid  fever.  (Brautlecht,  Virchow's 
Archiv,  vol.  84,  p.  80.) 

(3)  The  question  of  immunity  is  the  next  subject  with  which  we 
are  concerned.  We  have  to  consider  the  fact  that,  under  certain 
circumstances,  an  infective  disease  due  to  the  existence  of  micro- 
organisms will  certainly  reproduce  the  disease  in  one  animal,  and  will 
not  produce  it  in  another.  There  are  different  kinds  of  immunity.  In 
some  cases  there  is  what  may  be  called  a  natural  immunity,  and  in 
others  it  is  acquired  or  induced,  as  when  an  attack  of  small-pox  confers 
immunity  to  a  fresh  attack  of  the  disease. 

In  regard  to  NATURAL  IMMUNITY,  it  seems  that  the  same  micro- 
organism will  propagate  itself  and  produce  its  special  disease  in  one 
kind  of  animal  and  not  in  another.  This  has  been  brought  out  in  a 
very  striking  way  by  Koch  in  his  researches  on  the  septicsemia  of  mice. 
This  disease  which  is  so  highly  inoculable  in  the  ordinary  house  mice 
is  not  at  all  inoculable  in  the  nearly-allied  field  mouse.  It  is  inoculable 
in  the  rabbit,  but,  as  we  shall  see  afterwards,  it  produces  a  local  disease, 
and  the  bacillus  does  not  propagate  in  the  blood.  The  anthrax  bacillus 
seems  capable  of  propagation  in  every  class  of  animal,  and  we  have  seen 
that  it  can  be  cultivated  in  a  great  variety  of  media.  But  yet,  animals 
even  of  the  same  species  show  remarkable  differences  in  the  degree  of 
certainty  with  which  they  can  be  inoculated.  Chauveau  {Compies  rendus, 
1880,  vol.  1,  p.  15-26)  has  shown  that  while  ordinary  sheep  are  highly 
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susceptible,  those  from  Algiers  do  not  usually  acquire  the  disease  from 
a  simple  inoculation  by  a  lancet.  But  when  these  animals  are  inoculated 
with  larger  quantities  of  the  virus  they  do  succumb.  It  seems  as  if  they 
could  resist  a  small  number  of  the  bacilli,  but  that  a  larger  number  were 
able  to  obtain  the  upper  hand.  Again,  Pasteur  has  j)ointed  out  that 
while  in  ordinary  fowls  chicken  cholera  is  highly  inoculable,  yet 
when  inoculated  in  Cochin  China  fowls  it  produces  for  the  most  part 
merely  a  local  inflammation  resulting  in  abscess.  The  micro-organism 
which  produces  the  disease  is  found  in  the  pus,  but  the  pyogenic 
membrane  seems  to  limit  the  inroads  of  the  organism. 

But  even  in  the  same  species  of  animal  there  are  some  individuals 
which  show  the  most  remarkable  resistance  to  the  attacks  of  the  various 
organisms.  In  nearly  all  the  diseases  of  animals  which  have  been  proved 
to  depend  on  micro-organisms,  observation  shows  that,  in  the  course  of 
a  considerable  series  of  experiments,  there  are  some  which  are  proof 
against  the  disease,  or  at  least  do  not  acquire  it  from  the  same  limited 
inoculation  as  the  generality  of  their  kind. 

It  would  seem  from  these  observations  that  the  organisms  are  not 
indifferent  to  the  kind  of  animal  which  forms  their  hosts.  One  form 
will  flourish  in  one  kind  of  animal  and  not  in  another.  Besides,  there 
are  individual  peculiarities  among  the  same  species  of  animal  so  that 
one  animal  will  offer  much  greater  resistance  to  infection  than  another. 

These  facts  are  perfectly  consistent  with  what  we  know  in  regard  to 
this  class  of  diseases  in  the  human  subject.  Among  men  there  seem  to 
be  extreme  differences  in  the  degree  of  susceptibiHty  to  infective  diseases. 
Anthrax  itself  forms  sometimes  in  the  human  subject  a  local  disease 
which  is  recovered  from,  while  in  other  cases  the  bacillus  enters  the 
blood  and  produces  a  fatal  general  disease.  In  the  former  case  the 
bacillus  is  found  in  the  tissues  which  are  the  seat  of  local  inflammation, 
in  the  latter  it  is  present  abundantly  in  the  blood.  We  are  familiar 
also  with  the  fact  that  when  several  persons  are  equally  exposed  to  the 
infection  of  small-pox,  some  may  escape  while  others  acquire  the  disease. 
It  is  known  that  among  savage  tribes  measles  may  present  an  extra- 
ordinary malignancy;  in  this  case  it  may  indeed  be  that  civihzed 
nations  have  acquired  a  certain  immunity  rather  than  that  the 
others  have  a  special  predisposition.  A  striking  illustration  of  a 
similar  fact  is  given  by  Grawitz  (Virchow's  Archw,  vol.  84,  p.  110).  A 
troop  of  Esquimaux  visited  Berlin,  and  some  were  vaccinated  with 
ordinary  vaccine  lymph.  Immediately  afterwards  three  died  of  an  acute 
lever.    Shortly  afterwards  the  remainder  were  vaccinated  in  Paris,  and 
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they  all  perished  of  what  the  Parisian  physicians  called  severe  small-pox. 
Here  again,  it  may  be,  that  the  European  nations  generally  have 
acquired  immunity  from  the  vaccine  virus. 

We  have  now  to  consider  the  question  of  acquired  immunity,  and 
from  what  has  gone  before  it  will  appear  that  the  line  between  natural 
and  acquired  immunity  can  hardly  be  rigidly  drawn.  In  the  case 
of  measles  it  is  well  known  that  a  degree  of  immunity  is  acquired 
by  a  single  attack  of  the  disease  against  further  attacks,  but  then  it 
appears  that  this  immunity  extends  in  some  degree  to  the  descendants 
of  the  person  attacked,  and  so  in  countries  where  the  disease  is  common 
there  is  not  an  immunity  to  the  disease,  but  certainly  an  immunity  to 
the  more  severe  forms  of  it.  It  is  the  same  with  vaccination.  It 
confers  a  degree  of  immunity  against  small-pox,  and  even  if  this  disease 
occurs  it  is  in  a  milder  form  than  usual.  Without  at  present  attempt- 
ing any  explanation  of  these  facts  we  have  to  refer  in  the  first  place  to 
certain  observations  which  bear  on  the  question  of  immunity. 

In  a  practical  point  of  view  the  protection  afforded  by  vaccination 
against  the  attacks  of  small-pox  is  the  type  of  acquired  immunity. 
It  is  known  that  in  the  lymph  of  small-pox  pustules  as  well  as  of  those 
of  vaccinia  there  are  fine  globular  bodies  present,  which  may  be  called 
micrococci,  and  it  has  been  proved  by  experiment  that  the  virus  resides 
in  these  solid  particles,  and  not  dissolved  in  the  fluid  (see  Chauveau's 
researches  confirmed  by  Burdon  Sanderson) ;  but  the  organisms  have 
not  been  cultivated  apart  from  the  body,  and  it  is  even  possible 
to  suppose  that  they  are  not  organisms  at  all.  While  our  information 
in  regard  to  small-pox  is  thus  hniited,  some  recent  researches  on  other 
diseases  by  Pasteur  and  other  French  observers  are  of  great  interest  as 
throwing  light  by  analogy  on  vaccination.  The  aim  in  these  researches 
was  to  obtain  what  may  be  called  a  vaccine  of  certain  diseases,  that  is 
to  say  to  obtain  the  virus  in  a  form  in  which  it  would  produce  the 
disease  in  a  mild  form,  and  yet  be  a  protection  against  the  virulent 
form  of  the  disease. 

Let  us  take  Pasteur's  observations  on  chicken  cholera  to  begin 
with.  By  cultivating  the  bacteria  of  this  disease  in  chicken  soup  with 
exposure  to  the  atmospheric  air  he  found  that  he  could  produce  what 
he  calls  an  attenuation  of  the  virus.  That  is  to  say  by  letting  the  organ- 
isms grow  on  in  the  same  medium  for  several  weeks  or  months  before 
planting  them  in  a  fresh  medium  he  found  that  each  successive  genera- 
tion thus  produced  was  less  virulent  when  inoculated  than  its  pre- 
decessor.    In  fact,  by  varying  the  experiment  it  was  possible  to 
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procure  viruses  of  varying  degrees  of  intensity.  The  attenuated 
VIRUS  produces  a  local  disorder  rather  than  a  general  one,  the  bacteria 
being  found  in  the  locally  affected  parts.  But  the  disease  exhausts 
itself  locally,  the  micro-organism  being  after  a  time  nullified  by  the 
tissues.  And  now  if  animals  which  have  been  affected  by  the  at- 
tenuated virus  are  inoculated  with  the  virulent  form,  they  do  not 
contract  the  disease,  they  have  acquired  an  immunity  which  lasts  at 
least  a  year. 

Next,  in  regard  to  anthrax,  Pasteur  has  produced  most  striking- 
results.  Proceeding  on  the  same  j)rinciple  as  in  the  case  of  chicken 
cholera,  his  object  was  by  prolonged  cultivation  of  the  bacillus  with 
exposure  to  the  oxygen  of  the  air  to  obtain  an  attenuated 
condition  of  the  virus.  But  here  a  difficulty  occurred.  We  have 
already  seen  that  when  the  bacillus  ant.hracis  is  cultivated  it  develops 
threads  and  spores  in  the  course  of  a  comparatively  short  time.  Pasteur 
desired,  however,  to  cultivate  the  organism  in  the  bacillus  form.  This 
was  efi'ected  by  cultivating  it  at  a  comjjaratively  high  temperature. 
It  is  not  possible  to  grow  it  at  all  at  45°  C,  but  coming  down  to  42°  or 
43°  it  does  grow  but  yields  no  spores.  Thus,  the  bacillus  can  be 
grown  for  days  with  exposure  to  oxygen,  and  as  the  period  extends 
the  virulence  of  the  organism  decreases.  In  this  way  an  attenuated 
virus  can  be  produced,  and  when  this  is  inoculated  in  an  animal  the 
disease  is  acquired  in  a  mild  form,  and  the  animal  possesses  immunity 
from  the  virulent  form  of  it. 

Another  instance  of  acquired  immunity  is  afforded  by  the  experi- 
ments of  Koch.  It  has  been  already  stated  that  the  septicaemia  of 
mice  is  not  communicable  to  rabbits,  but  when  the  blood  of  such  mice 
is  inoculated  into  the  skin  of  rabbits,  it  produces  a  disease  hke  erysipe- 
las ;  there  is  an  extending  inflammation  of  the  skin,  which,  however,  is 
recovered  from.  Similarly,  the  cornea  of  rabbits  may  be  inoculated,  with 
the  effect  of  producing  a  spreading  inflammation,  the  inflammation 
in  both  cases  being  accompanied  by  the  growth  of  the  bacillus.  But 
when  the  animal  recovers  it  presents  a  condition  of  immunity  against 
further  inoculation.  It  is  noteworthy  that  this  immunity  does  not  be- 
come complete  all  at  once,  but  takes  in  some  cases  three  or  four  weeks. 

We  have  now  to  endeavour  to  explain  the  different  kinds  of 
imuNiTY.  Here  we  are  met  with  serious  difiiculties.  Pasteur  has 
suggested  that  for  the  growth  of  each  micro-organism  there  is  a  certain 
substance  in  the  blood  necessary,  and  when  this  is  exhausted  the  micro- 


2G4 


PARASITES. 


organism  dies,  and  till  that  substance  is  reproduced  there  is  no  longer 
possibility  of  its  growth.  There  are  obvious  objections  to  this.  Fo 
one  thing  the  organisms  may  be  cultivated  out  of  the  body  in  the  ve 
blood  in  which  they  would  not  grow  while  it  was  in  the  living  body. 
Then  such  a  view  will  hardly  explain  the  natural  immunity  whic' 
we  have  seen  to  be  so  closely  allied  to  the  acquired.  We  cannot 
suppose  that  those  who  are  naturally  indisposed  to  these  diseases  have 
blood  which  is  defective  in  particular  chemical  principles.  That  this  is 
not  the  case  has  been  shown  by  Chauveau,  for  he  found  that  the 
Algerine  sheep  which  are  not  affected  by  a  small  dose  of  anthrax  virus 
do  succumb  to  a  larger  dose.  This  points  to  an  unusual  degree  of 
resistance  to  the  virus — the  bacillus  is  nullified  by  the  tissues,  and 
must  attack  in  force  before  it  surmounts  the  opposition.  We  may 
sup]3ose  that  when  an  animal  survives  one  of  these  diseases  it  has  in  its 
struggle  with  it  acquired  an  increased  power  of  resisting  and  destrojdng 
the  organisms,  and  the  power  lasts  a  longer  or  shorter  period. 

It  should  be  stated  here  that  by  no  means  all  of  these  diseases 
confer  immunity  by  a  single  attack.  Relapsing  fever  has  been  proved 
experimentally  to  be  capable  of  repetition  again  and  again  in  the  same 
monkey,  and  it  is  well  known  that  ague  repeats  itself  frequentty. 
There  are  even  persons  who  are  liable  to  repeated  attacks  of  those 
fevers  which  usually  confer  immunity  by  a  single  attack.  We  find, 
for  instance,  persons  who  take  scarlatina  several  times  during  a  limited 
period. 

The  question  occurs  here.  How  DO  THESE  organisms  produce 
THEIR  EFFECTS  on  the  living  body  1  It  is  quite  clear  that  some 
of  them  produce  chemical  principles  which  act  injuriously  on  the 
living  tissues.  This  is  abundantly  evident  in  the  case  of  pyaemia. 
The  organisms  here  produce  a  necrosis  with  inflammation  around. 
But  neither  the  necrosis  nor  the  inflammation  occurs  in  immediate 
proximity  to  the  bacteria,  and  it  is  clear  that  some  chemical  pro- 
ducts passing  off  from  the  organisms  act  as  violent  irritants.  It  is 
so  also  in  erysipelas.  The  organisms  propagate  themselves  up  the 
lymph  spaces  and  leave  behind  products  which  lead  to  inflammation. 
And  we  may  suppose  it  to  be  the  same  when  the  organisms  multiply  in 
the  blood.  It  is  not  they  themselves  but  the  products  evolved  in  the 
processes  of  multiphcation  and  groAvth  that  are  poisonous.  Pasteur 
believes  that  the  drowsiness  which  occurs  in  chicken  cholera  is  due  to 
the  formation  of  a  narcotic  by  the  organism. 
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SAECINA  VENTEICULI. 
We  have  here  to  consider  a  form  of  parasite  whose  position  in  the 
vegetable  kingdom  is  rather  obscure.    This  organism  occurs  in  the  form 
of  minute  cubical  bodies,  each  of  which  is  partially  divided  by  transverse 
grooves  so  as  to  make  the  cube  somewhat  like  a  parcel  tied  with  cross- 
ing cord  (see  Fig.  1 1 9).   It  is  as  if 
the  individual  sarcina  were  made 
up  by  the  coalescence  of  four  smal- 
ler bodies,  and  by  some  methods  of 
preparation  the  four  smaller  bodies 
assume  a  more  nearly  globular  form, 
and  so  still  more  suggest  such  an 
origin.     These  bodies  are  found 
mostly  in  the  stomach  where  pro- 
cesses of  fermentation  are  j)roceed- 
ing.     But  they  are  met  with  in 
other  situations  besides.   From  the 
observations  of  Lostorfer  and  Fer- 
rier  it  appears  that  the  sarcina  ap- 
pears spontaneously  in  the  blood 
when  it  is  kept  free  from  contamina-  matter 
tion  at  a  certain  temperature.   If,  for  instance,  blood  be  taken  fresh  from 
the  vessels  into  a  capillary  tube,  and  preserved  in  a  water  bath  at  a  tem- 
perature near  that  of  the  body,  in  almost  every  case  sarcinae  will  develop 
in  the  course  of  a  few  days  (see  Lostorfer,  Wien.  Med.  Jahrhiicher,  1871, 
and  Ferrier,  Brit.  Med.  Jour.,  Jan.  27,  1872).    The  sarcinee  first  appear 
as  minute  glancing  globular  bodies,  and  by  and  by  they  aggregate  into 
the  regular  cubes.    These  cubes  are  much  smaller  than  those  of  the 
sarcinse  found  in  the  stomach,  but  when  placed  in  a  proper  nourishing 
fluid  such  as  Pasteur's  solution,  they  grow  to  the  size  of  these  and 
assume  their  brownish  colour. 

It  thus  appears  that,  in  the  blood  of  man,  and  also,  as  experiment 
has  sho^vn,  in  that  of  animals,  there  are  germs  which  have  the  capability 
of  developing  the  sarcinse.  Occurring  in  the  stomach,  the  germs'  are 
probably  derived  from  the  blood,  the  stomach  acting  as  a  breeding  oven. 
This  explains  the  fact  that  sarcinse  are  met  with  elsewhere,  as  in  urine, 
pus  from  cavities,  gangrenous  fluid,  etc. 

The  exact  botanical  relations  of  sarcinae  are  not  determined.  Some 
call  them  algae.  The  fact  of  their  appearing  in  the  blood  first  as  minute 
globular  bodies  suggests  that  they  may  be  allied  to  the  bacteria. 


Fig.  110. — SarciiifB  ventriculi  (a),  starch  graii- 
ule.s  (6),  and  fungus  spores  (c),  from  vomited 
--^-^        X  350. 
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PAEASITIC  rUNGI. 
The  fungi  are  defined  as  consisting  of  cells  devoid  of  chlorophyll,  and 
occurring  in  the  form  of  threads  (hyphse)  and  round  or  oval  bodies 
(spores  and  conidia). 

If  the  spores  of  ordinary  penicillium  fall  into  a  fitting  medium  they 
soon  begin  to  send  out  buds  which  become  threads.  By  elongation 
and  branching  of  these  threads  (hyphae)  a  network  is  formed,  Avhich 
is  designated  the  mycelium,  and  is  regarded  generally  as  the  root 
structure  of  the  fungus.  Under  favourable  circumstances  upright  stems 
(see  Fig.  120)  arise  from  this  mycelium  which  bear  the  fructification  of 
the  fungus.  These  consist  of  elongated  cells  at  the  extremity  of  which 
rows  of  round  or  oval  bodies  develop  in  a  pencil-like  fashion,  as  seen 

in  Fig.  120.    This  ap- 
pearance   has  caused 
this  form  of  common 
mould  to  be  called  peni- 
cillium.   These  round 
or    oval    bodies  are 
spores,   and    each  of 
them  when  carried  off 
from  the  fungus  is  cap- 
able of  giving  rise  to  a 
fresh  plant.    It  is  as- 
serted that  in  addition 
to  this  mode  of  fructi- 
fication which  is  non- 
sexual, there  is,  probably  in  the  case  of  all  fungi,  a  sexual  fructification, 
and  much  speculation  has  arisen  as  to  the  powers  of  the  spores  thus 
variously  produced.    These  speculations  do  not  concern  us  here,  but  it 
may  be  observed  that  so  long  as  the  sexual  fructification  is  not  deter- 
mined the  exact  generic  and  specific  relations  of  the  individual  fungi 
must  remain  obscure. 

The  mode  of  production  of  spores  figured  above  occurs  when  the 
fungus  is  able  to  send  shoots  up  into  the  air;  it  is  an  aerial  production 
as  distinguished  from  the  mycelium  which  is  in  the  soil.  But  a  process 
in  some  respects  similar  often  takes  place  in  the  soil  itself.  This  is 
shown  in  the  case  of  the  same  fungus  in  Fig.  121,  where  it  is  seen 
that  instead  of  forming  elongated  threads  the  cells  are  dividing  mto 
oval  bodies.    In  many  of  these  the  hour-glass  shape  indicates  the  pio- 


Fig.  120.— Aerial  gi-owth  of  penicUlium. 
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cess  of  division  actually  in  progress.  In  this  way  spores  may  be  pro- 
duced Avhich  are  here  called  conidia.  It  is  clear  that  this  also  is  a 
non-sexual  reproduction, 
and  that  it  is  strictly 
comparable  with  the  Q 
aerial  reproduction  al- 
ready mentioned.  In 
fact  the  spores  produced 
in  the  latter  way  are  also  „       .     ,         .     ,  a 

Fig.  121.— Formation  of  comdia  m  submerged  portion  of 

frequently  called  conidia.  peniciiiium. 

.  It  is  to  be  remarked  further  that,  with  almost  no  attempt  to  produce 
threads,  the  spores  or  conidia  may  multiply  in  the  medium  which  forms 
their  soil,  and  so  we  may  have  masses  of  spores  or  conidia  and  little 
else.  This  is  the  condition  of  the  yeast  fungus,  the  torula  cerevisise, 
and  we  often  find  multiplying  spores  of  fungi  in  the  contents  of  the 
stomach,  as  in  Fig.  119. 

In  their  pathological  relations  fungi  are  of  much  less  consequence 
than  the  schizomycetae,  and  it  does  not  appear  that  they  are  capable,  to 
any  considerable  extent,  of  producing  chemical  principles  that  are 
seriously  injurious  to  the  animal  tissues.  There  are  some  diseases 
in  which  the  existence  of  fungi  in  the  body  is  rather  to  be  regarded  as 
secondary,  the  primary  diseased  condition  providing  a  fitting  soil  for 
the  growth  of  the  fungus,  but  there  are  other  conditions  in  which  they 
act  injuriously  by  their  presence  and  growth. 

It  may  be  well  here  to  inquire  whether  fungi,  like  the  bacteria,  are 
divisible  into  pathogenic  and  innocuous  forms.  In  answer  to  this,  it 
may  be  said  that  there  appear  to  be  no  fungi  capable  of  actually  multi- 
plying in  the  body,  but  there  are  some  which  possess  the  capability  of 
growing  there.  Most  fungi,  when  the  spores  are  injected  into  the 
blood,  simply  die  and  are  destroyed,  but  according  to  the  researches  of 
Grohe,  Block,  and  Grawitz  (Virchow's  Archiv,  vols.  81  and  84)  there 
are  some  which  may  survive  and  grow  inside  the  body.  When  spores 
of  such  pathogenic  fungi  are  introduced  into  the  blood,  they  pass  to 
various  parts  of  the  body,  where  they  bud  out  and  grow,  by  their 
growth  producing  numerous  local  necroses  which  may  cause  death 
m  three  days,  or  an  inflammation  which  may  lead  to  the  death  of  the 
fungus  and  the  formation  of  a  capsule  around  it.  In  the  illustrations 
to  Grawitz's  paper,  the  condition  presented  to  the  naked  eye  by  the 
kidneys  is  shown,  and  the  resemblance  of  the  multiple  necroses  to 
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metastatic  abscesses  in  pygemia  is  A^ery  striking.  In  each  of  these 
a  growing  fungus  is  to  be  found,  as  shown  in  Fig.  122,  but  it  does  not 
go  on  to  the  formation  of  spores.    If  a  piece  of  the  tissue  be  used. 


Fig.  122.— Fungus  growth  in  kidney.  To  the  left  of  the  figure  the  kidney  tissue  has 
been  cleared  up  by  adding  solution  of  soda  so  as  to  bring  out  the  fungus  (aspergiUus). 
Fat  drops  and  ci-ystals  of  tj'rosin  are  present,  but  no  spores.  (Grawitz.) 


however,  the  fungus  may  be  cultivated  outside  the  body  in  a  suitable 
medium,  and  it  goes  on  to  the  production  of  spores  in  the  usual 
fashion. 

The  question  occurs  here,  Are  there  certain  species  of  fungi  which 
have  this  special  character,  or  are  the  ordinary  fungi  capable  of  becom- 
ing pathogenic  ?  This  question  has  been  answered  in  the  latter  sense 
by  Grawitz.  He  asserts  that  the  ordinary  mould  fungi,  by  being  culti- 
vated through  several  generations  in  alkaline  solutions  of  allnmien,  at  a 
temperature  of  38°  to  40°  C,  acquire  virulent  properties  as  al)ove.  Con- 
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siderable  doubt  has  been  thrown  on  these  conchisions  by  the  researches 
of  Koch  and  his  assistants.  They  have  found  that  the  spores  of  the 
aspergiUus  glaucus,  Avithout  any  cultivation  in  animal  fluids,  are 
always  pathogenic,  and  they  seem  to  assert  that  in  the  experiments  of 
Grawitz  there  has  been  a  contamination  with  the  spores  of  this  common 
fungus.  We  are  to  infer,  therefore,  that  there  are  some  fungi  which 
are  naturally  able  to  resist  the  action  of  the  living  tissues,  and  grow  in 
spite  of  them. 

The  MADURA  FOOT  is  a  disease  which  occurs  in  the  East,  and  whose 
relations  to  fungi  have  been  investigated  by  Vandyke  Carter.  In 
this  disease  a  fungus,  called  in  honour  of  its  discoverer  Chionyphe 
Carteri,  penetrates  into  the  substance  of  the  foot,  producing  canals  and 
cavities  among  the  soft  structures  and  the  bones,  and  giving  rise  to 
severe  inflammations.  In  the  cavities  and  canals  are  masses  of  fungi  of 
a  blackish  colour  and  forming  frequent  balls.  The  canals  open  exter- 
nally and  discharge  a  foetid  pus  containing  spores  and  threads  of  the 
fungus.  There  is  great  thickening  and  an  appearance  resembling  that 
of  scrofulous  disease,  and  the  condition  is  a  chronic  one  for  which 
amputation  must  frequently  be  performed. 

In  a  considerable  number  of  cases  a  fungus  has  been  found  in  the 
EAR.  It  has  its  seat  in  the  external  meatus  and  on  the  merabrana 
tympani,  where  it  is  accompanied  by  desquamation  of  the  epithelium 
and  other  signs  of  inflammation.  It  is  noteworthy  here,  in  connection 
with  what  has  gone  before,  that  the  fungus  met  with  seems  always  an 
aspergillus,  although  spores  of  penicillium  are  as  abundant  in  the  air,  and 
the  two  fungi  are  usually  associated  in  mould.  Fungi  have  also  been 
met  with  in  cavities  of  the  lungs,  on  ulcers  of  the  skin,  etc. 

Fungi  are  of  frequent  occurrence  in  the  skin,  and  there  are  three 
fonns  of  skin  disease  which  are  always  associated  with  the  presence 
of  these  parasites,  namely  Ringworm,  Pityriasis  versicolor,  and  Favus. 
In  all  of  these  the  fungus  ajjpears  in  the  form  of  multiplying  spores  or 
conidia,  with  irregular  production  of  mycelium,  but  there  is  no  proper 
fructification,  the  nearest  approach  to  that  being  in  the  case  of  pity- 
riasis versicolor.  The  consideration  of  these  fungi  will  come  up  for 
more  particular  study  under  the  section  on  Diseases  of  the  Skin.  We 
have  here  to  refer  to  the  general  conditions  which  they  present.  The 
fungus  grows  chiefly  among  the  epidermic  elements,  spores  and  mycel- 
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i\im  penetrating  among  the  cells  and  displacing  or  1)reaking  up  the 
structures  such  as  the  hairs,  etc.  (Fig.  123).    It  is  usual  to  describe  the 


Pig.  123.-Hair  from  a  case  of  ringworm,  showing  fungx.s  penetrating  and  breaking  up 
the  shaft,    x  350. 

fungi  of  these  three  diseases  as  different,  and  they  are  named  Achorion 
Schoenleinii  (favus),  Trichophyton  tonsurans  (ringworm),  and  Micro- 
poron  furfuri  (pityriasis  versicolor).  Doubts  have  been  raised,  however 
chiefly  at  the  suggestion  of  Hebra,  whether  the  fungus  is  not  identical 
in  all  the  three,  and  whether  it  is  not  one  of  the  common  moulds  occur- 
ring in  a  special  form  and  locality.  It  might  appear  that  such  a  ques- 
on  would  be  easy  of  answer  by  means  of  observation  of  the  fmigus 
Z  irslltivation.    But  there  are  two  difficulties  which  are  encountered 
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here.  In  the  first  place,  as  the  fungus  onl}^  occurs  in  the  form  of  multi- 
plying spores  and  irregular  threads,  the  fructification  is  not  manifested, 
axid  the  classification  of  fungi,  as  we  know,  is  based  on  the  fructifica- 
tion. Then,  in  the  second  place,  the  cultivation  of  the  fungus  has,  in 
the  hands  of  diiTerent  observers,  led  to  apparently  contradictory  results. 
Almost  all  the  commoner  moulds  have  been  developed  from  the  products 
of  these  diseases,  and  considering  the  wide  prevalence  of  the  spores  of 
fungi  in  the  air,  and  the 
probability  that  many 
such  spores  are  con- 
tinuallj^  falling  on  the 
skin,  it  is  difficult  to 
be  certain  that  acciden- 
tal contamination  has 
not  occurred. 

In  the  mouth,  fungi 
are  frequently  to  be 
found.  The  white  ma- 
terial which  lies  in  the 
angle  between  the  teeth 

and  the  gums  always  ''^'"'^^''^  '  6,  masses  of  fiTaments  "  xlso." 

contains  multitudinous 


threads  of  a  fungus  or 
schizomyceta,  called 
Leptothrix  buccalis 
(see  Fig.  124).  This  oc- 
curs in  the  form  of  fine 
threads  which  often 
hang  together  in  bun- 
ches. It  has  been  as- 
serted by  Leber  and 
Rottenstein  that  this 
organism,  by  penetrat- 
ing into  the  teeth  pro- 
duces caries ;  but,  con- 
sidering its  universal 

presence     m     contact     Fig.  125.-Oidium  albicans,  from  the  mouth  in  a  case  of  thrush. 

With  the  teeth,   this  (Kucuenmeister.) 

seems  doubtful.  There  is  one  circumstance  which,  however,  is  in  favour 
of  this  view,  namely,  that  the  organism  seems  to  aggregate  lime  salts  in 


Fig.  124.— Leptothrix  buccalis  from  the  gums  at  edges  of  teeth, 
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its  nutritive  processes.  It  usually  attracts  the  lime  from  the  food,  and 
forms  with  other  matters  the  so-called  "tartar"  on  the  teeth,  but  it  is 
conceivable  that  it  may  acquire  lime  from  the  teeth,  and  so  produce 
softening  of  them  and  caries. 

There  is  a  disease  of  the  mouth  called  commonly  thrush,  depend- 
ent on  a  fungus,  the  oidium  albicans.  Here,  as  in  the  case  of  the 
parasitic  skin  diseases,  the  fungus  grows  among  the  epithelial  cells, 
detaching  them  from  one  another,  but  binding  them  together  into  a  kind 
of  soft  membrane  (Fig.  125).  The  so-called  aphthous  condition  arising 
in  this  way  does  not  develop  in  healthy  persons,  but  is  met  with  chiefly 
in  emaciated  children,  or  in  adults  whose  health  has  been  depreciated 
by  tuberculosis,  typhus  fever,  etc.  The  fungus  may  extend  to  oesoph- 
agus, stomach,  etc.,  producing  the  same  aphthous  patches. 


B.— ANIMAL  PARASITES. 


The  Animal  Parasites  are  divisible  into  two  groups  according  as  they 
live  inside  the  body  (the  entozoa),  or  on  the  surface  (the  epizoa).  The 
entozoa  are  all  included  among  the  worms,  and  are  met  mth  in  the 
alimentary  canal  and  in  the  tissues. 

ENTOZOA  OR  INTERNAL  PARASITES. 

(1)  Trematoda.— We  have  here  an  order  of  flat-worms  of  a  more 
or  less  oval  form,  and  many  of  them  somewhat  in  the  form  of  a  leaf. 
They  possess,  on  the  ventral  surface,  one  or  more  suclang  discs  by 
which  they  attach  themselves.  They  have  only  one  openmg  of  the 
alimentary  canal  which  is  generally  forked.  These  worms  are  com- 
monly called  FLUKES  from  the  resemblance  in  shape  of  the  commonest 
of  them  to  the  fish  of  that  name. 

The  DISTOMA  HEPATICUM  is  the  commonest  worm  of  this  order.  As 
the  name  imphes,  it  is  met  with  in  the  liver  where  it  inhabits  the  hilc 
ducts  The  liver  fluke  is  generally  about  an  inch  in  length  (J^ig. 
and  rather  more  than  half  an  inch  in  greatest  breadth  The  body  is 
very  fiat,  and  anteriorly  it  ends  in  an  elongated  process,  forming  a  land 
of  head     This  head  bears  the  mouth,  and  a  short  distance  behind  it 
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Fig. 


126.  — Dis- 
hepaticum. 


comes  the  sucking  disc.    Between  these  hes  the  opening  of  the  sexual 
apparatus,  of  which  both  male  and  female  organs  exist  in  each  individual. 
The  uterus  forms  a  convoluted  tube  behind  the  sexual 
opening,  and  the  seminal  tubules  lie  still  further  back. 
This  i^arasite  is  very  common  in  certain  of  the  lower 
animals,  especially  sheep.    It  occurs  in  enormous  num- 
bers in, the  bile  ducts,  which  are  dilated  by  it  but  not 
otherwise  strikingly  altered.     As  many  as  1,000  have 
been  obtained  from  a  single  sheep.    It  produces  in  sheep 
the  disease  called  commonly  the  rot,  which  in  some  years 
is  very  fatal.    It  is  said  that  in  1830-31  between  one  and 
two  million  sheep  perished  from  it.    It  occurs  also  in 
oxen,  where  it  produces  more  considerable  alterations  of 
the  ducts.    These  become  greatly  dilated,  thickened  by  toma 
inflammation,  and  incrusted  with  lime.     It  sometimes 
happens  that  masses  of  inspissated  bile  and  lime  salts  form  in  the  liver 
where  the  flukes  are  present.    It  is  probable  that 
in  these  cases  many  of  the  parasites  have  died  and 
become  themselves  the  seat  of  incrustation.  This 
fluke  has  also  been  met  with  in  horses  and  asses, 
and  in  some  rare  cases  in  man.    In  man  it  has  not 
been  observed  in  large  numbers,  but  it  may  produce 
serious  obstruction  of  the  bile  ducts. 

The  eggs  of  this  parasite  are  small  oval  bodies, 
which,  in  water,  develop  into  embryoes  which  swim 
about  by  the  aid  of  ciha.  Their  further  development 
is  unknown,  and  also  the  form  in  which  they  pass 
into  the  animal  which  becomes  the  host  of  the  adult. 

The  DISTOMA  SINENSE  is  a  parasite  met  with  in 
the  East,  and  described  by  M'Connell  in  the  Lancet 
in  1875,  and  independently  by  Macgregor  in  the 
Glasgow  Medical  Journal  in  1877.  Although  a  much 
smaller  worm  it  is  of  a  more  elongated  shape  than 
the  distoma  hepaticum,  as  will  be  seen  from  Fig. 
127.  It  is  rather  more  than  half  an  inch  in  length, 
and  about  an  eighth  of  an  inch  in  greatest  breadth. 
When  seen  in  the  bile  in  the  fresh  state,  the  edges 
show  a  beautiful  delicate  green  colour,  tinged  with 
yellow,  while  the  centre  is  of  a  deep  brown.  In  the 
accompanying  figure  the  position  and  appearances 

s 


Fig.  127.— Distoma  si- 
nense,  a,  oesophagus  and 
stomach  tubes;  b,  uterus; 
c,  yolk  erlaiids ;  d,  ovary ; 
c,  testes  ;  /,  termination 
of  water  vascular  system. 
X  5.  (After  Macgrkgor.) 


274 


PARASITES. 


of  the  various  organs  are  indicated.  The  eggs  are  very  small,  and  each 
animal  possesses  thousands. 

This  parasite  has  only  hitherto  been  observed  in  man,  and  is  found  in 
very  large  numbers — not  less  than  500,  probably  more — in  the  ducts  of 
the  liver  and  in  the  gall  bladder.  In  Dr.  Macgregor's  cases  the  persons 
affected  with  the  parasites  were  Chinese,  and  they  were  the  victims  of  a 
peculiar  paralysis  of  the  legs  and  arms.  Dr.  M'Connell's  case  was  also 
in  a  Chinaman. 

The  DISTOMA  LANCEOLATUM  is  another  form  of  fluke.  It  is  less  than 
three-eighths  of  an  inch  in  length,  and  about  the  fifteenth  of  an  inch  in 
breadth.  It  is  seldom  seen  in  man,  and  occurs  in  comparatively  small 
numbers  in  sheep  and  cattle,  producing  little  disturbance. 

The  DISTOMA  HAEMATOBIUM,  also  Called  the  Bilharzia  hsematobia,  has 
the  male  and  female  organs  in  different  individuals.  The  male  is  about 
half  an  inch  in  length,  and  flat,  but  rolled  up  at  the  edges,  especially 
behind,  so  as  to  form  a  kind  of  gutter  in  which  the  female  lodges.  The 
female  is  about  a  half  longer,  but  filiform.  The  eggs  are  small  and 
furnished  with  a  spine  at  the  end  or  at  the  side. 

The  parasite  inhabits  the  blood-vessels  of  its  host,  chiefly  the  portal 
vein,  the  splenic  and  mesenteric  veins,  and  those  of  the  rectum  and 
bladder.  The  penetration  of  the  eggs  in  large  numbers  into  the  mucous 
membrane  of  the  rectum  and  urinary  bladder  produces  great  irritation, 
and  frequently  haemorrhage.  Similar  irritation  may  be  produced  in  the 
pelvis  of  the  kidney  and  ureters.  This  parasite  is  met  with  almost 
solely  in  Egypt  and  Abyssinia,  and  it  is  said  that  in  Egypt  about  half 
the  natives  are  victims  of  it. 

(2)  Cestoda  or  Tape-Worms. — These  are  in  the  mature  state  long 
flat  worms,  without  mouth  or  alimentary  canal.  Anteriorly  there  is  a 
HEAD  furnished  with  some  apparatus  for  attaching  itself  to  the  host. 
Behind  the  head  and  neck  the  worm  forms  a  series  of  segments  called 
proglottides,  each  of  which  develops  a  bi-sexual  apparatus  and  is,  so  far, 
a  complete  individual.  The  adult  worm  or  STROBILUS  is  therefore  a  colony 
of  individuals.  The  worm  inhabits  the  alimentary  canal  and  apparently 
occurs  only  in  vertebrate  animals.  Besides  this  adult  form  there  is  an 
intermediate  immature  form,  called  the  SCOLEX,  which  occurs  in  the 
tissues  of  animals.  The  scolex  has  a  head  hke  that  of  the  mature  worm, 
and  generally  possesses  a  sac  or  cyst  into  which  it  can  retire. 

There  are  representatives  of  two  families  of  this  parasite  met  with  ni 
man,  namely  the  Taenia  and  Bothriocephalus. 
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The  T^NIA  SOLIUM  is  of  very  common  occurrence  in  this  country. 
The  strobihis  or  mature  worm  occurs  in  the  ahmentary  canal,  and  the 
head  is  usually  situated  in  the  duodenum  or  upper  part  of  the  jejunum, 
while  the  rest  of  the  animal  extends  downwards  in  the  canal,  attaining 
on  an  average  a  length  of  from  ten  to  twelve 
feet.  As  already  mentioned,  this,  like  other 
tapeworms,  has  no  alimentary  canal,,  and  sup- 
ports itself  by  imbibition  of  nutritious  material 
from  the  intestine. 

The  head  of  the  worm,  which  is  represented 
in  Fig.  128,  is  about  the  size  of  a  pin's  head, 
and  of  a  generally  rounded  form.     In  front 
it  is  prolonged  so  as  to  form  a  proboscis  or 
rostellum,  which  is  surrounded  by  a  circle  of 
twenty-six  booklets.     The  wide  part  of  the 
head  has  four  large  sucking  discs.     On  the 
head  follows  a  narrow   neck,   which    is  so 
thin  that  it  readily  breaks  when  the  worm  is 
handled,  rendering  it  difficult  to  obtain  the  small 
head.    The  proper  neck  is  about  half  an  inch  in 
length,  and  it  gradually  merges  in  the  anterior 
part  of  the  body  in  which  fine  transverse  lines 
begin  to  apj)ear  as  the  first  indication  of  the  formation  of  segments. 
On  passing  down,  the  worm  increases  in  breadth,  while  the  segments 
elongate  and  become  more  completely 
divided.     At  first  the  segments  or 
proglottides  are  homogeneous  in  ap- 
pearance, but  by  and  by  the  sexual 
apparatus  begins  to  appear.    The  total 
number  of  segments  in  a  worm  ten 
feet  in  length  is  about  800.    The  sex- 
ual apparatus  begins  to  appear  about 
the  200th  segment  from  the  front,  and 
is  mature  about  the  450th ;  it  consists 
of  the  male  and  female  organs  which 
are  present  in  each  segment.  The 
male  organs  consist  of  a  large  num- 
ber of  vesicles  scattered  throughout 
the  segment,  as  shown  in  Fig.  ]  29,  but  more  abundant  anteriorly,  as 
the  female  organs  occupy  the  space  behind.    The  vesicles  are  connected 


Fig.  128.— Head  of  T.  solium. 
X  45.  (Leuckart.) 


Fig.  129.-  Unripe  proglottis  of  T.  solium 
showing  sexual  organs.  The  small  vesicles 
scattered  throughout  are  the  male  organs. 
The  other  structures  shown  are  seminal  tubes, 
vagina,  globular  body,  yolk  body,  ovaries, 
and  unbranched  uterus,  x  10.  (Leuckart.) 
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fig.  130 
lar  body. 


-The  globu- 
or  Mellis's 


with  fine  seminal  tubules  which  are  difticult  to  make  out,  and  are  shown 
in  the  figure  as  fine  branching  lines.  These  end  in  a  slightly  convoluted 
tube,  the  vas  deferens  which  is  generally  very  distinct,  and  this  passe> 
across  the  segment  to  the  papilla,  a  slight  projection  at  the  side  of  the 
segment  into  which  the  male  and  female  sexual  organs  open.  At  the 
papilla  the  vas  deferens  ends  in  a  projectile  penis  which  is  capable  of 
passing  into  the  extremity  of  the  female  organ,  the  first  part  of  which 
is  called  the  vagina. 

The  vagina  forms  a  canal  which  passes  transversely  across  the  segment 
towards  the  middle  line  and  tends  also  backwards, 
to  end  in  a  somewhat  globular  dilatation,  sometimes; 
called  the  globular  body.  The  connections  of  this 
body  are  difficult  to  make  out,  but  they  may  be 
stated  as  follows,  and  understood  by  the  annexed 
Figs.  129  and  130.  In  the  posterior  part  of  the 
segment  as  shown  in  Fig.  129  are  seen  on  either  side 
the  comparatively  large  ovaries,  forming  tree-like 

body  and  its  connec-  .  .  , .         .  •        c    i       i  i 

tions.  See  text,  x  30  expausioiis,  coiisistmg  01  a  coiigcries  01  closed  tubes. 
(Leuckart.)  rpj^g  ovaries  have  ducts  Avhich  pass  into  the  globular 

body.  Behind  the  ovaries  and  the  globular  body  is  the  yolk  gland 
which  is  of  a  somewhat  pyramidal  shape  and  spread  out  laterall}'. 
This  also  communicates  mth  the  globular  body  in  front  of  it. 
Besides  these  communications  the  globular  body,  which  is  thus  the 
central  part  of  the  female  organs,  communicates  with  the  uterus 
in  front.  At  this  period  of  maturity  the  uterus  consists  of  a 
simple  tube  extending  longitudinally  in  the  middle  of  the  segment 
(see  Fig.  129).  It  will  thus  be  observed  (Fig.  130)  that  the  globular 
body  has  communication  with  four  distinct  structures,  a  with  the  yolk- 
sac,  h  with  the  ovaries,  c  with  the  vagina,  and 
with  the  uterus.  The  eggs  pass  from  the  ovaries 
first  into  the  globular  body,  where  they  receive 
a  covering  of  yolk,  are  fertilized,  and  undergo 
the  beginning  of  their  develo^jment.  Then  they 
pass  into  the  uterus,  which  they  fill  up.  As  the 
ova  accumulate  in  the  uterus,  this  begins  to 
throw  out  lateral  branches  to  the  number  of  seven 

Fig.  131.— Proglottis  of  T.  x      mi     i  i  i  i  Ti. 

soUum,  showing  branching  of  to  ten  (seo  Fig.  131).   The  lateral  branches  often 

show  considerable  ramifications,  in  this  respect 
and  in  their  number  contrasting  with  those  of  the  next  tape-Avorm.  In 
the  fully  mature  proglottis  only  the  uterus  crowded  with  ova  is  visible, 
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the  remaining  organs  having  disappeared  (see  Fig.  132).  The  prominent 
ova  often  make  the  position  and  shape  of  the  uterus  very  distinct, 
especially  if  the  proglottis  be  spread  out  on  a  glass  slide  and  allowed 
to  dry. 

Besides  the  sexual  organs  the  proglottides  possess  muscular  fibres, 
and  a  water-vascular  system.  The  muscle  is  non-striated 
and  consists  of  longitudinal  and  transverse  bundles.  The 
water-vascular  or  excretory  systems  (shown  in  Figs.  129 
and  131)  is  in  the  form  of  tolerably  wide  channels, 
which  begin  at  the  head  and  are  continued  through  the 
proglottides  by  two  lateral  channels  right  down  to  the 
last,  where  they  open  outwards.  Near  the  posterior  ex- 
tremit}^  of  each  proglottis  the  tubes  form  transverse 
communications  (see  figures).  It  is  possible  to  inject 
these  tubes  from  above  downwards,  but  not  from  below 
upwards.  In  addition,  the  proglottides,  as  well  as  the 
head  of  the  worm,  possess  numerous  round  or  oval  cal- 
careous bodies,  which  are  mainly  in  the  superficial  layers 
of  the  parenchyma. 

As  the  proglottides  become  mature  they  sever  their 
connection  with  the  worm  and  drop  off  from  its  lower 
extremity  one  by  one.  They  pass  down  the  alimentary 
canal,  and  are  discharged  with  the  faeces,  or  else  work 
their  way  out  through  the  anus  by  virtue  of  their  contrac- 
tile power.  For  a  short  time  after  discharge  they  still  show  a  writhing 
movement,  but  they  soon  come  to  rest  and  die.  By  the  decomposition 
of  the  proglottis  the  ova  are  set  free  and  are  ready  under  suitable  cir- 
cumstances to  develop  further. 

It  is  mostly  in  the  bodies  of  swine  that  the  taenia  solium  passes 
through  the  next  phase  of  its  development, 
although  sometimes  it  occurs  in  man.  It  is 
exceedingly  doubtful  whether  a  man  who  is 
the  host  of  a  mature  tape-worm  can  be  affected 
from  it  with  the  form  now  to  be  described. 

The  ova  (Fig.  133)  are  surrounded  by  a 
dense  shell  of  a  brownish  colour.  Inside  the 
shell  the  egg  develops  an  embryo  which  ac- 
quires six  boring  spines.  When  such  ova  get 
into  the  intestinal  canal  of  the  pig,  the  shell  bursts,  and  the  embryo 
with  its  spines  escapes.    It  proceeds  to  bore  its  way  outwards,  and 


Fig.  132.— Two 
ripe  proglottides 
of  T.  solium,  with 
branches  of  uterus 
shown.    X  2. 

(Leuckabt.) 


a  0 

Fig.  133.— Ova  of  T.  solium, 
a  with  yolk,  b  without  yolk,  as 
in  matiu'e  segments.  The  hard 
lorown  shell  is  indicated.  (Leu- 

CKART.) 
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after  piercing  the  alinicntury  (jiuial  it  finds  its  way  to  the  muscles  of 
the  animal  where  it  finds  a  lodgement. 

Arrived  in  its  desired  seat,  the  embryo  comes  to  a  state  of  rest,  and 
after  a  time  develops  into  a  vesicle  or  cyst,  which  afterwards  forms 

the  proper  cysticercus. 
The  appearance  of  these 
cysticerci  in  the  muscu- 
lar tissue  is  shown  in 
Fig.  134,  which  is  drawn 
of  the  natural  size.  The 
complete  cysticercus  or 
scolex  has  a  head  de- 
veloped in  connection 
with  the  vesicle,  which 
closely  resembles  the 
head  of  the  mature  worm 
(Fig.  135),  and  we  have  now  to  consider  how  this  head  forms.  The  ob- 
servations of  Leuckart  and  others  have  thrown  much  light  on  this,  as 


Fig.  134. — Cysticerci  of  taenia  solium  in  muscle, 
size.  (Leuckart.) 


Natural 


Fig.  135.— Head  of  cysticercus  cellulosse  found  in  substance  of  brain,    x  90. 

they  are  based  on  actual  experiments  in  which  SAvine  were  fed  with 
the  ova. 

We  have  seen  that  in  the  muscle  a  vesicle  or  cyst  is  formed.  After 
a  time  a  shght  thickening  of  the  wall  of  the  cyst  appears.  This  groAvs 
inwards  into  the  cyst,  carrying  with  it,  however,  the  external  wall,  so 
that  the  projection  inwards  is  hollow  with  an  internal  canal  continuous 
with  the  surface  of  the  cyst,  and  so  opens  externally ;  this  is  shown  in 
Fig.  136,  where  a  portion  of  the  wall  of  the  cyst  is  preserved,  and  the 
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Fig.  136. — Cysticercus 
with  beginning  of  de- 
velopment of  head.  A 
portion  of  the  original 
cyst  is  shown  with  the 
projection  inwards  of  a 
hollow  process  which 
communicates  extern- 
ally. X  25.  (Leuckaet.) 


projection  is  shown  with  its  internal  cavity  communicating  with  the 
surface  of  the  cyst.  This  projection  enlarges,  and  by  and  by  the  peculiar 
structures  of  the  head,  namely,  the  four  sucking 
discs  and  the  hooklets,  show  themselves.  But  these 
are  formed  inside  the  canal,  near  its  extremity,  and 
they  are  in  an  inverted  position  as  compared  with 
that  of  the  mature  tapeworm.  The  liead  with  its 
hooklets  are  thus  at  the  bottom  of  the  canal,  and 
the  four  suckers,  looking  towards  each  other,  follow. 
After  a  time  the  head  acquires  the  power  of  invert- 
ing itself  outwards,  and  thus  projecting  from  the 
vesicle,  or  again  withdrawing  itself  within  the  vesicle 
as  before.  This  is  effected  by  means  of  muscular 
.fibres.  For  the  completion  of  this  phase  of  development  a  period  of 
from  three  to  four  months  is  required  from  the  time  of  the  ova  being 
taken  into  the  alimentary  canal. 

It  sometimes  happens  that  this  scolex  of  the  taenia  solium  develops 
in  the  human  subject,  and  then  it  is  often  spoken  of  as  the  cysticercus 
CELLULOSE.  It  occurs  chiefly  in  the  brain,  in  the  eyeball,  and  in  muscle. 
It  is  to  be  remarked  that  in  rare  cases  the  scolex  assumes  in  the  brain  a 
very  peculiar  character.  The  cyst,  developing  in  the  membranes  on 
the  surface  of  the  brain,  presents  pouches  and  swellings  which  give  it 
somewhat  the  character  of  a  bunch  of  grapes,  and  so  has  given  rise  to 
the  designation  cysticercus  racemosus.  The  cysticercus  is  usually  sur- 
rounded by  a  connective-tissue  capsule  which  is  produced  from  the 
surroundino;  tissue  and 


encloses  both  cyst  and 
head,  but  not  infrequent- 
ly, especially  in  the  brain 
and  eyeball,  it  is  devoid 
of  this  secondary  capsule. 
In  that  case  the  vesicle 
sometimes  grows  to  con- 
siderable dimensions, 
and  the  head  is  able  to 
protrude  itself  and  move 
about  in  various  direc- 
tions,   perhaps    in    the     Fig- 137.— Hooks  from  head  of  cysticercus  cellulosae.  X350. 

ventricle  of  the  brain  or  the  eyeball.  In  these  parts  the  scolex  may 
produce  considerable  disturbances. 
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Fig.  13S. 
X350. 


-Hooks  from  tseiiia  echinococcus. 


Although  capable  of  a  considerable  duration  of  life,  after  a  time  the 
scolex  usually  dies,  and  then  it  shrinks  and  becomes,  probably,  in- 
crusted  with  lime  salts.  The  booklets  are  the  most  resistant  parts,  and 
it  is  of  some  consequence  to  observe  the  size  and  general  appearance 
of  these.  In  Fig.  137  are  represented  the  booklets  of  this  worm, 
magnified  350  times.  They  are  to  be  contrasted  with  those  of  the 
taenia  echinococcus  (Fig.  138),  which  are  magnified  to  the  same  extent. 

It  will  be  seen  that  in  the  taenia 
solium  there  are  two  sizes  of 
booklets,  a  larger  and  a  smaller, 
and  by  comparison  with  Fig.  135 
it  will  be  seen  that  these  are 
arranged  alternately  around  the 
rostellum.  In  this  as  in  other 
respects,  the  heads  of  the  scolex  and 
of  the  mature  worm  are  identical. 

We  have  now  to  trace  the  fur- 
ther progress  of  development  where 
living  scolices  are  taken  into  the  alimentary  canal  of  man.  In  the  first 
place,  the  vesicle  and  everything  but  the  head  and  neck  are  lost,  and  we 

have  a  small  creature  which  has  con- 
siderable power  of  elongating  and 
moving  about  its  suckers,  as  shown 
in  Fig.  139.  The  head  now  fixes 
itself  to  the  wall  of  the  alimentar}" 
canal,  and  the  body  begins  to  develop 
from  its  posterior  extremity.  It  takes 

Fig.  139.— A  single  head  of  teenia  solium  be-     i  f.AVPlvP  WPPks  for  tbp  WOmi 

fore  Segmentation  has  begun.  It  shows  move-    Cievcn  01  T-Weive  WtOKb  lUl  bue  WUXiu 

ments  of  its  suckers,  etc.  x25.  (Leuckart.)  assumc  its  full  dimensions,  and  at 
the  end  of  that  time  it  begins  to  show  proglottides.  The  worm  is  of 
tolerably  long  life,  and  may  inhabit  the  intestine  of  its  host  for  many 
years.  It  not  infrequently  happens  that  several  co-exist  in  the  same 
person  ;  as  many  as  30  or  40  have  been  observed. 

The  T^NIA  MEDIOCANELLATA  may  be  dismissed  much  more  shortly 
as  the  various  stages  in  its  development  and  its  structure  are,  in  most 
respects,  essentially  hke  those  of  the  taenia  solium.  Leuckart  calls  this 
tape-worm  the  t^nia  saginata. 

The  strobilus  is  a  larger  worm  than  the  tasnia  solium,  measuring  from 
about  thirteen  feet  in  the  contracted  state  to  about  twenty-four  feet  when 
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extended.  Fig.  140  shows  the  head  and  neck  of  this  worm  in  the  con- 
tracted and  relaxed  conditions.  The  difference  in  length  and  breadth 
is  very  striking.  The  head  has  no 
rostellum  or  circle  of  hooks,  but  it 
possesses  four  large  sucking  discs 
which  are  usually  surrounded  by  a 
zone  of  pigment.  The  segments  are 
in  the  most  of  the  worm  broader 
than  they  are  long,  attaining  a  breadth 
of  about  half  an  inch.  But  as  we 
come  to  the  fully  mature  proglottides 
with  embryoes  in  the  uterus,  then 
they  are  considerably  elongated  and 
at  the  same  time  narrower.  The 
number  of 

than  in  the  tsenia  solium, 


segments  is  greater  here 
reaching 

as  high  a  figure  as  1,300.  There  are 
generally  about  eight  discharged  from 
the  posterior  extremity  daily,  and 
these  very  often  find  their  way  out- 
wards, through  the  anus,  by  their 
own  movement. 

The   sexual   organs,  except  the 
are    essentially    the  same 
the  taenia   solium.    The  uterus, 
proglottis  a  much 
number  of  lateral 
offsets,  as  many  as  twenty 
to  thirty,  and  these  mostly 
branch  dichotomously  in- 
stead of    ramifying  (see 
Figs.  141  and  142). 

The  individual  segments, 
like  the  worm  as  a  whole 
possess  muscular  filires  and 
are  capable  of  elongating 
and  contracting. 

The  scolex  form  of  this 
worm  is  found  chiefly 


uterus, 
as  in 
mature 
larger 


a  0 

Fig.  140,— Head  and  neck  of  tajnia  medio- 
canellata  ;  a,  in  contracted,  and  6,  uncon- 
tracted  state.    X  8.  (Leuckabt. 

however,  presents   in  the 


Fig.  141. — Immature  pro- 
glottis of  T.  mediocanellata 
X  5.  (Leuckart). 


Fig.  142. — Mature  pro- 
glottis of  T.  mediocanel- 
lata.  X  2.  (Leuckart.) 


m 


cattle,  and  it  inhabits  mostly  the  muscles,  but  is  also  met  with  in 
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other  organs.  The  cysticercus  measures  about  the  third  of  an  inch,  and 
is  of  a  roundish  shape. 

This  worm  is  nearly  equal  in  frequency  to  the  taenia  solium  in  the 
human  subject.  Its  cysticercus  is  not  known  to  occur  in  man.  The 
worm  may  hve  for  many  years,  at  least  as  long  as  eleven,  and,  as  some 
assert,  up  to  twenty  or  even  thirty  years. 

The  TAENIA  ECHINOCOCCUS  in  the  strobilus  form  is  a  comparatively 
insignificant  worm  (Fig.  143).  It  inhabits  the  dog,  and  there  are  gene- 
rally several  individuals  present  at  the  same  time.  The 
total  length  of  the  worm  is  about  an  eighth  of  an  inch, 
and  it  consists  only  of  four  segments,  including  that 
which  carries  the  head.  In  the  fully  developed  state  the 
last  segment  exceeds  in  length  the  rest  of  the  worm  alto- 
gether (see  figure).  The  head  is  like  that  of  the  taenia 
solium  in  miniature,  being  very  greatly  less  in  size.  It 
has  a  rostellum  A\dth  thirty  to  forty  booklets,  and  four 
sucking  discs.  The  last  segment  develops  a  large  num- 
ber of  eggs,  as  many  as  5000. 

These  eggs  develop  the  usual  embryoes  with  six  spines, 
and  if  they  find  their  way  into  the  intestinal  canal  of 
man,  they  pass  out  into  the  tissues.  Setthng  in  some 
organ  of  the  bod}^,  they  show  the  most  extraordinary 
powers  of  development,  producing  the  condition  com- 

Pig.  143.— Adult  1         n  -, 

tenia    echinococ-  monly  Called  HYDATIDS. 

CKAKT.)  ^^''^  It  is  proper  to  say  here  that  hydatids  occur  in  the  form  of 
large  cysts,  often  of  very  complex  arrangement,  and  the}^  should  be  care- 
fully distinguished  from  the  cysticerci  which  form  small  cj^sts  not  more 
than  half  an  inch  in  size.  The  hydatids  occur  in  the  majority  of  cases  in 
the  liver.  Neisser  has  collected  no  less  than  986  cases  of  hydatids  in  man, 
and  he  gives  the  scale  of  frequency  in  the  different  organs  as  follows  : — 
Liver,  451 ;  lungs  and  pleura,  84  ;  kidneys,  80 ;  muscle  and  subcutane- 
ous tissue  (including  the  orbit),  72;  brain,  68  ;  spinal  cord,  13;  female 
organs  of  generation  (including  the  mamma),  44  ;  male  organs,  6  ;  pel- 
vis, 36  ;  organs  of  circulation,  29  ;  spleen  and  bones,  28  ;  eye,  3. 

When  the  embryo  reaches  the  liver  or  other  resting  place,  it  soon 
develops  into  a  cyst  which  at  first  is  of  slow  growth.  The  membrane  of 
the  cyst  is  of  considerable  thickness,  and  consists  of  an  external  cuticle 
in  several  layers  and  an  internal  parenchymatous  layer  containing 
muscular  filire  and  a  vascular  system.    Inside  the  original  vesicle  arise 
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very  frequently  secondary  vesicles,  and  inside  these  even  tertiary  ones, 
the  successive  vesicles  being  sometimes  spoken  of  as  daughter  or  grand- 
daughter vesicles.  It  sometimes  happens  that  the  secondary  vesicles 
project  outwards,  and  form  a  series  of  external  vesicles  which  may 
separate  from  their  mother  and  attain  an  independent  development 
alongside  of  her.  This  latter  form  is  particularly  common  in  the  domestic 
animals,  and  it  is  variously  designated  exogenous  hydatids,  or  echino- 
coccus  scolecipariens,  or  granulosus.  There  is  a  third  form  which  has 
been  met  with  in  man,  and  always  in  the  liver.  The  parasite  develops 
a  congeries  of  small  vesicles,  from  the  size  of  a  grain  of  wheat  to  a  pea. 
These  are  embedded  in  a  gelatinous  tissue  and  sometimes  possess 
gelatinous  contents.  As  the  whole  is  surrounded  by  a  firm  fibrous 
capsule,  the  tumour  is  a  somewhat  solid  one,  and  on  section  it  presents 
a  peculiar  alveolar  appearance.  From  this  structure  it  is  called  the 
alveolar  form,  and  it  should  be  particularly  borne  in  mind,  as  this  con- 
dition has  been  frequently  mistaken  for  a  tumour,  especially  before 
Virchow  demonstrated  its  true  nature. 

Except  in  the  case  of  the  alveolar  form,  the  vesicles,  both  primary 
and  secondary,  enlarge  very  much  and  give  rise  to  tumours  of  very 
large  dimensions,  so  as  sometimes  to  produce  serious  disturbance  by 
their  mere  size.  Those  of  the  liver  are  usually  the  largest,  and  they 
may  come  to  weigh  as  much  as  twelve,  twenty,  or  even  thirty  pounds. 
The  simple  vesicles,  in  which  no  daughters  develop,  attain  the  size  of  an 
orange  or  a  fist. 

In  all  forms  of  hydatids  the  whole  parasite  is  surrounded  by  a 
fibrous  capsule,  developed  by  the  organ  in  which  it  has  its  seat.  As  the 
cysts  enlarge,  this  also  increases  in  size. 

We  have  now  to  consider  the  formation  of  the  heads  of  the  worms, 
which  differs  in  certain  respects  from  that 
of  the  other  tasnias.  In  the  walls  of  the 
vesicles,  either  primary  or  secondary,  are 
to  be  seen  when  they  are  perfectly  fresh, 
a  number  of  small  white  points  which  have 
their  seat  in  the  internal  wall.  These 

are  what  are  called  brood-capsules,  and    Fig.  144.-Diagrammatical  illustration 

it  is  always  in  connection  with  them  that  °n'^wd?capsiiS.^^^"w^^^ 
the  heads  or  scolices  develop.    The  brood-  ta^loSiroTiev^ 
capsules  are  little  vesicles,  in  the  walls  of  '^'''''^'^•) 

which  the  echinococcus  head  grows.  The  heads  begin  (see  Fig.  144,  in 
which  the  development  of  heads  in  brood-capsules  is  shown)  as  projec- 
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tions  outwards  of  the  wall  of  the  brood-capsule.  The  projection  is 
hollow,  and  communicates  with  the  interior  of  the  brood-capsule.  The 
head  develops  inside  this  projection,  as  in  the  case  of  the  taenia  solium, 
and  very  soon  acquires  the  power  of  inverting  itself.  When  it  does 
so,  it  projects  into  the  brood-capsule,  so  that  in  this  respect  the 
brood-capsule  is  not  like  the  cyst  of  the  cysticercus  as  the  scolex 
projects  outwards  from  the  latter.  A  single  brood-capsule  develops  several 
heads,  up  to  twelve,  and  they  may  be  found  either  in  the  extended  or  in- 
verted position.  All  the  heads  are  contained  in  brood-capsules,  but  if  after 
death  or  during  removal  the  brood-capsule  bursts,  then  an  appearance 
may  be  produced  as  if  the  heads  were  attached  to  the  wall  of  the  cyst 
itself.  If  the  capsule  bursts,  its  remains  may  gather  round  its  stalk  and 
the  heads  stand  up  from  this  as  in  Fig.  145  hh.    Heads  may  also  be 


Fig.  145.— Brood-capsules  in  connection  with  wall  of  vesicle,  a,  A  capsule  in  nonnal 
unruptured  state,    h  b,  Ruptured  cajDsule.    x  40.  (Leuckabt.) 


found  lying  free  if  the  capsules  have  burst.  It  is  to  be  added  that 
sometimes  the  vesicles  remain  barren,  neither  brood-capsules  nor  heads 
developing  in  them. 

The  heads  are  exactly  like  those  of  the  mature  Avorm.  They  are 
very  minute  objects,  measuring  about  ^^^th  of  an  inch  in  long  diameter, 
and  just  visible  to  the  naked  eye.  They  possess  a  proboscis  with  the 
ring  of  booklets,  and  four  suckers.  They  are  also  pro^dded  with  a 
water  vascular  system,  and  in  their  parenchyma  abundant  calcareous 
particles  are  to  be  found. 

The  animal  may  die  spontaneously,  or  be  killed  by  the  fluid  which 
fills  the  vesicles  being  drawn  off.  In  that  case  the  vesicles  shrink,  and 
their  contents  become  converted  into  a  fatty  debris,  which  afterwards 
may  become  infiltrated  with  lime  salts.  In  this  way  the  hydatid  mass 
may  be  represented  by  a  cyst  filled  with  an  atheromatous  material. 
This  may  dry-in,  and  at  last  we  may  have  nothing  left  but  a  stony 
or  mortar-like  mass,  in  which  careful  search  may  still  discover  the 
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booklets  (Fig.  138).  Besides  the  distinctive  booklets,  or  even  without 
them,  there  are  usually  in  these  old  cysts  bits  of  the  membrane  of  the 
cyst.  The  wall  of  the  hydatid  cyst  consists  of  two  layers,  an  external 
(called  by  Huxley  the  ectocyst)  and  an  internal  (the  endocyst).  The 
ectocyst  consists  of  a  structureless  stratified  membrane,  composed  of  a 
chitinous  substance,  from  which  circumstance  it  is  often  called  the 
cuticle.  As  this  chitinous  membrane  is  very  resistant  it  may  be  found 
in  the  midst  of  the  grumous  contents  and  enable  the  structure  to  be 
recognized.    In  the  case  from  which  Fig.  146  was  taken  the  diagnosis 


Fig.  146. — Transverse  section  of  the  chitinous  membrane  from  an  old  hydatid  cyst  of  the 
kidney,    x  90. 

was  made  chiefly  by  flakes  of  this  membrane  being  found,  the  search 
for  booklets  being  in  vain. 

In  regard  to  the  distribution  of  the  echinococcus,  it  is  of  pretty 
frequent  occurrence  in  all  known  lands,  but  is  particularly  common  in 
Iceland  where  the  men,  hving  in  close  companionship  with  the  dogs, 
are  much  exposed  to  infection.  It  is  also  said  to  be  very  common  in 
Australia  and  neighbouring  colonies. 

The  BOTHRIOCEPHALUS  LATUS  belongs  to  the  family  of  Bothrioce- 
phalidse,  and  is  the  largest  tape-worm  which  occurs  in  man.  It  attains 
a  length  of  from  16  to  26  feet,  and  possesses  from  3000  to  4000 
segments,  which  are  mostly  much  broader  than  long,  although  the  last 
ones  (see  Fig.  147)  become  longer  and  narrower  so  as  to  assume 
more  of  a  square  shape.  The  breadth  at  the  widest  part  is  about  half 
an  inch.    The  worm  is  also  thick  and  heavy. 

The  head  (Fig.  148)  is  oval,  and  about  the  twenty-fifth  of  an  inch 
m  breadth.  It  is  blunt  at  the  extremity,  and  possesses  neither  booklets 
nor  suckers,  but  fixes  itself  by  means  of  a  sHt-like  groove  on  either  side 
of  the  head  (see  figure). 
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The  sexual  organs,  and  especially  the  uterus,  occupy  the  middle 
part  of  each  segment,  where  they  form  a  rather  prominent  knot  or 
rosette  (Fig.  149).    The  uterus  is  composed  of  a  convoluted  tube  whicli 

gives  the  rosette-like  appearance  just  men- 
tioned. The  sexual  organs  open  in  the 
middle  line  near  the  anterior  extremity  of 
the  proglottis.  The  eggs  are  oval  in  form 
and  are  covered  by  a  brown  shell. 

The  scolex  form  of  the  worm  long  eluded 
observation.  It  was  known  that  a  six- 
spined  embryo  formed  in  the  eggs  in  the 
usual  way,  but  the  habitat  of  the  cysticercus 
was  unknown.  Lately  Braun  has  demon- 
strated its  existence  in  the  pike  and  tur- 
bot.  It  was  found  in  the  muscles,  sexual 
organs,  liver,  sj^leen,  etc.,  of  these  fish. 
Braun  proved  that  it  was  the  scolex  of 
this  animal  by  feeding  dogs  with  it.  A 
tape-worm  identical  with  the  bothriocepha- 
lus  developed.  By  this  discovery  all  the 
tape-worms  which  occur  in  Europeans  have 
been  traced  in  their  mature  and  cysticercus 
forms. 

This  worm  is  of  rather  frequent  occur- 
rence in  Switzerland 
and  north-east  Eur- 
ope, but  it  is  not 
unknoAvn  in  this 
country.  The  fre- 
quency of  fresh-water 
lakes  in  Smtzerland 
exj)lains  its  frequent 
occurrence  there 

Pig.  148.— Head  and  from  the  USe  of  thc 
portion  of  bod  J'  of  Both-  i  •  i     p  <  i 

rioceplialus  Latus    x  S.  nsh  whlch  lOrm  tUC 

(Leuckabt.)  t      i        r    ii  1 

liosts  of  the  scolex 
form.  Like  the  other  tape-worms  the  mature  worm  occurs  in  the 
small  intestines. 


Fig.  147.  —  The  Eothrioeephaliis 
latus.    Natural  size.  (Leuckart.) 


Several  other  small  and  infrequent  tape-worms  have  been  met  with 
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in  man.  The  taenia  NANA  has  only  been  observed  once  and  in  Egypt. 
It  is  very  small,  scarcely  an  inch  in  length,  and  about  the  fiftieth  of  an 


Fig.  149. — Proglottis  of  Botlii'iocephalus  latus,  showing  female  organs,    x  12.  (Leuckart.) 

inch  in  breadth.  It  possesses  a  rostelliim  with  booklets  and  four  suck- 
ing discs.  The  t^nia  flavo-puncta  has  also  been  observed  but  once, 
in  America.  It  is  about  a  foot  in  length,  and  about  one-twentieth 
of  an  inch  in  breadth.  The  head  of  this  worm  is  not  known,  but  it  is 
believed  to  possess  booklets.  The  t/ENIA  madagascariensis  has  been 
found  in  an  island  on  the  Madagascar  coast.  It  is  about  3  inches  long, 
and  the  head  is  not  yet  known.  The  tj^nia  CUCUMERINA  is  from  7  to 
10  inches  long.  Its  head  possesses  a  rostellum  with  a  quadruple  circle 
of  booklets  to  the  number  of  about  60.  The  proglottides  reach  a 
breadth  of  about  the  twelfth  of  an  inch.  It  occurs  very  frequently  in 
dogs  and  cats,  and  is  often  present  in  large  numbers,  especially  in  dogs. 
It  has  been  found  in  several  cases  in  man,  and  it  seems  to  be  not  infre- 
quent in  children.  The  scolex  form  has  lately  been  found  in  the  dog- 
louse  (Trichodectes  canis),  and  it  can  be  readily  understood  how  in 
the  process  of  licking  itself  the  dog  often  swallows  its  host  and  becomes 
itself  the  host  of  the  strobilus.  It  may  be  conveyed  to  children  from  the 
tongue  of  the  dog.  The  taenia  marginata  is  a  tape-worm  of  large 
size,  and  of  common  occurrence  in  the  dog.  Its  usual  length  is  about 
5  feet,  but  it  may  be  as  long  as  8  feet.  It  is  very  like  the  teenia  solium, 
the  head  possessing  a  rostellum  and  booklets  of  about  the  same  size  but 
more  numerous.  On  the  whole,  however,  the  worm  is  smaller,  and  so 
are  the  proglottides.  The  scolex  form  inhabits  swine  and  the  ruminants, 
and  as  it  often  develops  a  large  vesicle  or  set  of  vesicles,  it  is  liable  to 
be  confused  with  the  taenia  echinococcus.  The  scolex  form  is  called 
the  cysticercus  tenuicolHs.  Neither  mature  worm  nor  cysticercus  is  met 
with  in  man.  The  dog  also  frequently  contains  two  other  teenife,  namely 
the  T.  serrata  and  T.  ccenurus.   These  also  resemble  the  taenia  solium, 
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and  the  latter  is  important,  as  its  scolex  form  frequently  attacks  lambs, 
and,  lodging  in  the  brain,  is  the  cause  of  the  very  fatal  disease 
"  staggers." 

(3)  Nematoda  or  KouND-WoRMS. — The  trichina  spiralis  is 
met  with  in  the  muscular  substance  of  man,  and  occurs  there  in 
immense  numbers,  producing  the  disease  trichinosis.  We  shall  see 
afterwards  that  this  is  not  the  mature  form  of  the  worm,  but  it  is 
in  this  form  alone  that,  for  the  most  part,  it  is  accessible  to  us, 
and  it  will  be  convenient  to  begin  with  its  description  here. 

The  affected  muscles,  as  seen  with  the  naked  eye,  seem,  for  the  most 
part,  to  be  dusted  throughout  with  fine  white  particles  like  sawdust. 
These  are  most  abundant  near  the  places  where  the  muscular  fibres  are 
inserted  into  the  tendons.  As  a  rule  the  particles  are  most  abundant  in  the 
muscles  of  the  trunk,  the  diaphragm,  the  intercostal  muscles,  and  those 
of  the  abdominal  wall,  but  they  may  extend  to  all  the  voluntary  muscles 
of  the  body,  even  the  most  distant  ones  of  the  hands  and  feet. 

On  microscopic  examination  of  the  fine  particles,  they  are  found  to 
consist  each  of  an  oval  cyst  mth  a  tolerably  thick  wall  (see  Fig.  150), 


Fig  100.— Trichina  spiralis  in  muscle.  The  elongated  shape  of  the  cysts  is  due  to  the 
fact  that  these  were  near  the  insertion  of  the  muscle  into  its  tendon.  In  the  lowest  speci- 
men the  worm  is  dead  and  calcified,    x  90. 


within  which  is  a  small  worm  coiled  up  in  a  spiral  manner.  The  cyst  has 
very  often  abundant  calcareous  particles  in  its  wall,  especially  at  the 
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poles,  and,  if  the  case  is  an  old  one,  the  impregnation  with  lime  may  be 
so  great  as  to  hide  the  parasite  unless  the  salt  be  first  dissolved  out  with 
an  acid.  WTien  an  acid,  such  as  dilute  hydrochloric,  is  used,  the  lime  dis- 
I  solves  Avith  some  evolution  of  gas,  and  the  whole  structure  becomes  very 
transparent.  Sometimes  the  worm  dies  in  its  capsule,  and  in  that  case  the 
:  wall  thickens  and  the  cyst  collapses  to  some  extent  on  the  remains  of 
the  Avorm,  which  itself  often  becomes  infiltrated  with  lime  (see  lower 
specimen  in  figure).  It  may  be  said  here  that  the  worm  in  the  muscle 
is  in  an  immature  state  and  quiescent,  lying  rolled  up  in  this  manner  for 
\'ears  it  may  be.  It  may  be  present  in  immense  numbers,  even  in 
millions,  in  the  same  person. 

We  have  now  to  inquire  how  these  embryoes  get  to  the  muscles.  To 
begin  with,  it  is  to  be  said  that  the  embryoes  exist  in  the  muscles  of 
)  swine  just  as  in  those  of  man.     If,  now,  a  j)iece  of  muscle  con- 
i  taining  them  in  their  Kving  state — that  is  to  say,  not  killed  by  cook- 
j  ing  the  meat — be  eaten,  they  undergo  further  development  in  the 
intestinal  canal.    The  capsule  is  dissolved  by  the  gastric  juice,  and  the 
I  embryo  set  free.    In  the  muscle,  the  embryo,  if  uncoiled,  would  measure 
j  about  the  twenty-fifth  of  an  inch  in  length ;  but  now  it  grows  rapidl}', 
and  in  the  course  of  two  and  a  half  days  it  reaches  the  adult  form  when 
the  female  is  about  one-eighth  of  an  inch  in  length;  and  the  male  slightly 
!  less.   The  male  possesses  a  testicle  consisting  of  a  convoluted  tube.  The 
•  female  has  an  ovary,  vagina,  and  uterus.    The  adult  worms  have  an  in- 
testinal canal  from  end  to  end,  which  is  divisible  into  oesophagus, 
stomach,  and  intestine. 

The  mpregnated  ova  pass  into  the  uterus  where  they  develo23  into 
living  embryoes  of  minute  size.  In  six  or  seven  days  after  the  female 
has  attained  sexual  maturity,  that  is,  eight  or  nine  days  after  the 
trichinous  muscle  has  been  eaten,  the  birth  of  living  embryoes  begins. 
The  female  gives  birth  to  large  numbers,  and  probably  continues  to  do 
so  for  some  weeks,  thus  producing  as  many  as  1,000  to  1,300.  The 
adults  do  not  live  longer  than  five  to  eight  weeks  altogether. 

The  minute  embryoes  now  begin  to  penetrate  the  intestinal  canal, 
and  they  swarm  outwards  to  the  voluntary  muscles.  The  route  by 
which  they  reach  the  muscles  is  not  absolutely  certain.  By  most  it  is 
thought  that  they  pass  outwards  into  the  peritoneal  cavity,  and  thence 
!  mto  the  connective  tissue  around,  by  which  they  travel  to  the  muscles. 
By  others  it  is  thought  that  they  pass  into  the  submucous  connective 
tissue,  thence  into  the  connective  tissue  of  the  mesentery,  and  so 
onwards.    It  is  probable  that  they  find  their  way  by  both  these  routes, 
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but  it  is  inconceivable  that,  as  some  suppose,  they  get  into  the  blood- 
vessels, as  the  vessels  available  to  them  are  the  portal  radicles  which 
would  take  them  to  the  liver. 

Swarming  outwards  from  the  intestine  they  reach  first  the  muscl 
of  the  trunk,  where  they  are  usually  most  abundant ;  they  then  pass  to 
those  of  the  neck  and  larynx ;  and,  lastly,  to  those  of  the  limbs. 
Arrived  at  the  muscles  they  grow  larger,  and  apparently  wander  abou 
for  a  time.    They  penetrate  inside  the  sarcolemma  of  the  primitiv 
fibre  of  the  muscle,  and  destroy  the  sarcous  substance.    In  about  four 
teen  days  they  have  attained  their  full  size,  and  begin  to  settle  do^vn. 
As  they  pass  along  inside  the  sarcolemma  they  are  arrested  at  the  in 
sertion  of  the  fibre  into  the  tendon,  hence  they  are  particularly  numerou' 
near  tendons,  and  here  also  the  cysts,  subsequently  formed,  are  often 
much  elongated  (as  in  the  figure).    The  sarcolemma  collapses  as  the 
sarcous  substance  is  destroyed,  and  as  the  worm  coils  itself  up  spirall  \ 
the  sarcolemma  forms  for  it  an  oval  cyst.    The  worm  itself  seems  also 
to  add  to  the  cyst  a  layer  of  its  own.    It  is  not  uncommon  to  find  tAvo, 
or  even  more,  in  one  cyst.    In  the  muscles  the  worms  assume  a  quies- 
cent state,  as  already  mentioned,  and  may  remain  so  for  years,  the  cy-r 
being  impregnated  with  lime.    They  produce  considerable  destructiou 
by  piercing  the  sarcolemma,  and  disintegrating  the  sarcous  substance, 
and  there  is  often  to  be  found  a  germination  of  the  muscle  nuclei 
around  the  worm. 

During  the  migration  of  the  embryoes  considerable  irritation  is  pro- 
duced. There  is  in  the  first  week  intestinal  catarrh  (diarrhoea)  with 
fever,  and  the  case  may  be  mistaken  for  typhoid  fever.  Later  the 
muscles  become  stiff  and  painful,  and  oedema  of  the  skin,  especially  oi 
the  face,  may  develop.  The  symptoms  are  usually  at  their  height  in 
the  fourth  or  fifth  week,  and  death  occasionally  ensues. 

Besides  in  man,  trichinse  have  been  found  in  the  muscles  of  the  pig, 
cat,  rat,  mouse,  marmot,  polecat,  fox,  marten,  badger,  hedgehog,  and 
racoon.  By  some  it  is  believed  that  the  rat  forms  the  permanent 
source  of  infection,  as,  when  one  of  these  animals  dies,  it  is  eaten  by  its 
neighbours,  and  so  the  infection  spreads.  From  their  habits,  it  will  l)e 
understood  how  swine  sometimes  partake  of  dead  rats.  The  parasite 
will  be  communicated  to  man  by  eatmg  imperfectly  cooked  smne's 
flesh.  It  is  said  that  a  temperature  of  50"=— 55°  C.  or  120°  to  130°  F.,  is 
enough  to  kill  the  embryoes,  but  it  is  quite  conceivable  that  when 
large  pieces  of  flesh  are  cooked  rapidly,  some  parts  may  escape  the 
thorough  penetration  oi  the  heat. 
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The  search  for  trichinaj  in  the  muscles  of  swine  before  the  flesh  is 
sold  is  compulsory  in  some  countries.  For  the  examination  pieces  of 
muscle  (preferably  from  the  diaphragm  and  larynx)  are  snipped  off 
with  scissors  and  spread  out  in  water  on  a  microscopic  slide.  Some 
liquor  potassse  may  be  added  to  make  the  preparation  more  transparent. 
It  is  then  to  be  examined  with  low  magnifying  powers  and  after- 
wards with  higher.  Several  specimens  should  be  prepared  from  each 
animal. 

The  ASCARIS  LUMBRICOIDES  or  common  round-worm  is  probably 
the  commonest  entozoon  in  the  human  subject.  It  is  most  common  in 
children,  and  inhabits  chiefly  the  small  intestine.  It  resembles  the 
common  earthworm  in  its  colour  and  general  appearance.  It  measures 
6  to  16  inches  in  length,  is  marked  by  transverse  striae  and  tapers  to 
both  ends.  It  possesses  an  intestinal  canal  from  end  to  end.  The 
female  produces  a  large  number  of  oval  eggs  which  have  a  dense  shell. 

The  worm  mostly  occurs  singly  or  in  pairs,  but  is  frequently  present 
in  considerable  numbers  up  to  one  or  two  hundred.  From  the  intestine 
it  may  pass  into  the  stomach  and  be  vomited,  or  may  be  discharged 
per  anum.  It  has  been  known  also  to  pass  up  the  oesophagus  and 
into  the  nostrils  and  sinuses  of  the  head,  or  by  the  larynx  into  the 
bronchial  tubes.  Sometimes  it  penetrates  into  the  bile  ducts,  which 
it  may  obstruct,  or  through  the  intestinal  wall  into  the  peritoneal 
cavity. 

In  the  intestine  they  produce  catarrh,  and  by  reflex  action  they  are  sup- 
posed to  lead  to  certain  nervous  symptoms.  When  present  in  large  num- 
bers, they  have  been  observed  rolled  up  in  a  ball,  and  so  have  obstructed 
the  intestine.  In  cases  where  they  have  perforated  into  the  peritoneum 
they  have  given  rise  usually  to  local  abscesses  pointing  chiefly  near 
the  umbihcus  or  groin.  More  rarely  they  have  led  to  general  peri- 
tonitis. 

The  AscARis  MYSTAX  is  a  small  round  worm  which  occurs  in  the  cat, 
and  is  said  to  be  always  present  in  the  intestine  of  that  animal. 

The  OXYURIS  VERMICULARIS  or  THREAD-WORM  is  an  exceedingly 
common  parasite.  It  is  white  in  colour,  and  the  male  measures 
about  an  eighth  of  an  inch,  and  the  female  about  three-eighths  in 
length.  It  possesses  an  alimentary  canal  from  end  to  end.  The  eggs 
are  oval,  and  have  a  dense  shell.  The  animal  inhabits  mostly  the  large 
intestine.    It  is  stated  by  Zenker  and  Heller  that  the  mature  female  is 
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in  the  large  intestine,  the  males  and  young  being  in  the  small.  The 
worm  often  wanders,  especially  during  the  night,  to  the  neighbourhood 
of  the  anus,  where  it  produces  itching.  Sometimes  it  passes  o\  (  i 
to  the  vagina,  and  up  into  it.  It  produces  catarrh  of  the  bowel, 
and,  as  in  the  case  of  the  ascaris,  nervous  symptoms  are  ascril:)e(l 
to  it. 

The  Trichocephalus  dispar  (the  whip-shaped  worm)  is  of  frequent 
occurrence  in  the  coecum  and  neighbouring  parts  of  the  intestine. 
It  measures  1^  to  2  inches  in  length,  and  has  the  peculiarity  that  tlK- 
anterior  portion  is  much  thinner  than  the  posterior,  forming  a  lon.i: 
thread,  like  the  lash  of  a  whip,  which  is  buried  in  the  mucous  membrane 
The  eggs  possess  a  brown  shell.  The  embryoes  have  been  traced 
in  water  and  moist  earth. 

The  Strongylus  duodenalis  or  Anchylostoma  duodenale  is  not 
met  with  in  this  country,  but  occurs  in  Egypt,  Italy,  and  tropical  land-. 
It  has  been  found  frequently  among  the  workers  at  the  St,  Gothard 
Tunnel  in  Switzerland,  It  is  a  third  to  half  an  inch  in  length,  and 
it  possesses  a  mouth  armed  with  four  strong  teeth.  By  means  of 
these  it  fixes  itself  on  the  mucous  membrane  where  it  sucks  the  blood. 
When  present  in  considerable  numbers,  as  it  often  is  among  the  valvulai' 
conniventes,  it  may  give  rise  to  considerable  loss  of  blood  and  serious 
angemia. 

The  Strongylus  gigas  is  a  large  worm,  reaching  a  length  of  over  a 
yard,  and  a  thickness  of  about  |  of  an  inch.  It  has  been  met  mth  a 
few  times  in  the  pelvis  of  the  kidney  in  man,  and  more  frequently  in 
the  kidney,  bladder,  lungs,  and  liver  of  dogs. 

The  FiLARiA  or  Dracunculus  medinensis,  or  Guinea  worm,  is  oi 
frequent  occurrence  in  tropical  lands,  where  it  is  met  with  in  the  tissues 
of  the  foot  and  leg  chiefly.  The  female  is  a  long  thin  Avorm  from  12  to 
40  inches  in  length,  and  it  alone  is  known  as  a  parasite.  The  male  is 
nmch  smaller.  The  worm  wanders  to  some  extent  in  the  loose  subcu- 
taneous connective  tissue,  and  may  give  rise  to  considerable  irritation. 
When  mature  it  presents  its  extremity  at  the  surface,  and  a  small 
pustule  forms  from  which  the  extremity  projects.  The  worm  may  then 
be  removed  gradually  by  rolling  it  gently  round  a  quill  from  day  to 
day  as  it  becomes  exposed,  care  being  taken  not  to  break  it,  in  which 
case  the  part  left  in  may  give  rise  to  severe  inflammation. 
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FiLARiA  SANGUINIS  HOMiNis.  This  name  was  originally  given  to  a 
minute  thread-like  worm  which  has  recently  been  found  to  be  really  the 
embryo  of  a  larger  worm.  The  embryo,  as  its  name  implies,  has  been 
foimd  in  the  blood,  although  it  has  also  been  observed  in  chylous  urine 
and  elsewhere.  The  adult  appears  to  live  in  lymphatic  vessels,  and  so 
the  name  filaria  sanguinis  is  not  strictly  applicable  to  it.  Cobbold  has 
given  it  the  name  filaria  Bancrofti,  from  the  observer  who  first  discov- 
ered the  adult.  As  it  is  inconvenient  to  give  two  different  names  to 
the  adult  and  embryo  forms  of  the  same  animal,  we  shall  refer  to 
them  under  the  original  designation  of  filaria  sanguinis.  In  some 
respects  the  two  forms  of  this  worm  are  comparable  to  those  of  the 
trichina  spiralis,  which  also  obtains  its  name  from  the  embryo  form. 

The  adult  filaria  has  the  sexes  distinct,  and  as  yet  the  female  alone 
has  been  fully  examined,  only  a  small  portion  of  a  male  having  been 
discovered.  The  female  is  a  long  hair-like  worm,  3  or  4  inches  in 
length,  and  only  inch  in  breadth.  It  has  an  opaline  aj)pearance, 
and,  as  described  by  Manson  (Transactions  of  the  Pathological  Society  of 
London,  1881),  it  looks  like  a  delicate  thread  of  catgut  animated  and 
Avriggling  as  it  lies  in  the  tissues.  By  the  observer  just  named  it  Avas 
found  lying  in  a  lymphatic  vessel  while  he  was  removing  a  scrotum 
which  was  affected  in  a  way  to  be  mentioned  afterwards,  and  it  appears 
that  this  is  the  usual  habitat  of  the  animal.  The  male  is  j)robably 
much  smaller  than  the  female,  and  they  are  supposed  to  live  together 
in  the  same  vessel. 

The  female  is  believed  to  live  for  years  in  the  same  position,  and 
gives  birth  almost  continuously  to  large  numbers  of  embryoes.  Near 
the  head  is  the  vagina,  and  behind  it  the  uterus  with  two  horns  is 


Fig.  151.— Filaria  sanguinis  (embryo)  after  preserva- 
tion in  weak  spirit.  The  sac  is  seen  at  each  end  of 
the  worm,    x  300.  (Lewis.) 


found,  stuffed  with  ova,  and  extending  almost  to  the  tail.  Manson 
states  that  the  embryoes  can  be  seen  escaping  fully  formed  from  the 
vagina,  in  exactly  the  same  form  as  they  are  found  in  the  blood.  But 
the  female  sometimes  gives  birth  to  ova,  as  these  have  been  found  in 
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the  lymph  and  have  been  supposed  to  be  the  principal  factors  in  pro- 
ducing certain  local  affections  to  be  afterwards  mentioned. 

The  living  embryo  (Fig.  151  and  152)  is  about  ^\  inch  in  length  and 
Tf-o^ff  0  inch  in  thickness ;  its  breadth  therefore  neariy  corresponds 
with  that  of  a  red  blood  corpuscle.  It  is  enclosed  in  a  delicate  sac, 
which  is  rather  longer  than  itself,  so  that  while  moving  a  portion 
of  the  sac  extends  beyond  its  extremity.  The  movements  as 
seen  in  the  blood  and  lymph  are  very  active  and  snake-hke  in 
character. 


Fig.  152.  —Filaria  sanguinis  as  they  appear  in  the  living  state  in  the 
blood.    From  a  case  of  chylui-ia.   (Lkwis.)    x  300. 


This  embryo  is  present  in  the  blood  of  about  10  per  cent,  of  the 
natives  where  it  is  endemic,  and  most  of  these  do  not  appear  to  suffer  in 
health  from  it.  A  very  remarkable  circumstance  is  that,  during  the 
day,  the  parasites  are,  unless  in  exceptional  cases,  absent  from  the  blood, 
but  about  six  or  seven  o'clock  in  the  evening  they  begin  to  appear,  and 
by  twelve  o'clock  are  so  numerous  that  as  many  as  a  hundred  may  be 
counted  in  every  drop  of  blood.  As  morning  approaches  they  diminish 
in  numbers,  and  by  eight  or  nine  o'clock  they  disappear  entirel}'. 
This  regular  rhythm  may  apparently  go  on  for  years,  but  it  does  not 
appear  to  be  understood  what  becomes  of  the  embryoes  during  the 
day. 
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We  have  next  to  consider  how  the  embryoes  find  their  way  from  the 
site  of  the  parent  worm  in  the  lymphatics  to  the  blood.    It  is  probable 
that  they  travel  by  the  way  of  the  lymphatic  fluid  itself.    Being  not 
<^reater  in  breadth  than  a  blood  corpuscle,  and  possessing  powers  of 
locomotion,  they  may  be  supposed  to  traverse  the  lymphatic  glands  with 
the  lymph,  and  to  reach  the  blood  by  the  thoracic  duct.    It  is  also 
possible  that  they  may  get  into  the  blood  by  penetrating  through  the 
blood-vessels.    In  the  blood  they  will  readily  circulate  with  that  fluid, 
and  from  their  size  they  are  capable  of  passing  through  the  capillaries 
and  repeating  the  circuit  with  the  blood  corpuscles.    They  do  not  pass 
through  any  further  stage  of  development  in  the  blood,  the  embryoes 
found  there  being  exactly  like  those  which  escape  from  the  mother.  It 
is  clear  also  that  they  do  not,  either  by  themselves  or  their  products  act 
injuriously  on  the  blood  or  tissues  unless  by  using  the  nutritious 
material. 

It  has  been  stated  above  that  ova  are  sometimes  discharged  by  the 
female,  and  it  is  probably  in  connection  with  this  that  various  forms  of 
disease  are  found  to  occur  in  connection  with  this  parasite.  The  sac 
which  has  been  mentioned  as  enclosing  the  embryo  is  really  the  chori- 
onal  envelope  of  the  ovum  stretched  and  rendered  elastic.  But  ova 
are  sometimes  born  with  the  sac  confining  the  embryoes  which  are 
rolled  up  inside,  and  we  have  then  an  oval  body  inch  to  inch 
in  length.  This  body  is,  of  course,  much  thicker  than  the  extended 
embryo,  and  when  carried  by  the  lymph  to  the  glands  it  will  be  unable 
to  traverse  these.  An  infarction  of  the  fine  afferent  vessels  of  the  gland 
will  thus  occur,  and  as  the  vessels  leading  from  the  part  where  the 
mother  is  situated  are  plugged  one  after  another,  there  will  by  and 
by  be  a  complete  stasis  of  the  lymph  in  the  vessels  of  these  parts.  It 
is  probable  that  dead  embrj^oes  though  extended  will  similarly  plug  the 
lymphatics. 

The  effect  of  this  complete  plugging  of  all  the  lymphatic  channels 
seems  to  be  an  accumulation  of  lymph  in  the  vessel  below  the  seat  of 
obstruction.  The  lymph  thus  distending  the  vessels  often  escapes 
apparently  by  rupture.  The  locality  of  the  parent  will  determine  the 
exact  nature  of  the  resulting  disease.  If  it  be  in  the  lymphatics  of  the 
pelvis  or  lumbar  region  there  may  be  distension  of  the  lymphatics  of 
the  kidneys,  ureters,  or  bladder.  In  that  case  chylous  urine  is 
found,  and  the  embryoes  of  the  parasite  have  been  observed  in  the  urine. 
If  the  adult  be  in  the  lymphatics  of  the  leg,  there  will  be  gradual 
plugging  of  the  glands  at  the  groin  and  accumulation  of  lymph  in  the 
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legs  and  scrotum.  The  accumulation  in  the  scrotum  is  of  very  frequeni 
occurrence,  giving  rise  to  the  lymph-scrotum,  in  which  vesicles  appear 
on  the  surface  which  occasionally  discharge  lymph. 

It  is  to  be  observed  that  the  condition  in  these  various  situations  is 
not  a  proper  oedema,  which  we  have  already  seen  to  consist  in  overfilling 
of  the  serous  spaces,  but  rather  an  over-distension  of  the  lymphatic- 
vessels  with  occasional  rupture  of  them. 

If  the  explanation  given  above  be  the  correct  one,  then  as  the 
glands  get  plugged  the  embryoes,  even  those  born  alive,  will  not  get  to 
the  blood,  and  it  has  actually  been  observed  that  in  some  cases  no 
embryoes  were  found  in  the  blood  although  present  in  the  urine  oi 
lymph  from  the  scrotum. 

It  has  been  asserted  that  Elephantiasis  is  one  of  the  diseases  de 
pendent  on  this  parasite,  and  is  to  be  placed  in  the  same  category  as 
lymph-scrotum  and  chyluria.  But  there  are  serious  objections  to  this 
view.  Elephantiasis  has  the  features,  as  we  have  seen,  rather  of  a 
specific  inflammation,  than  a  simple  stagnation  of  lymph,  and  is 
more  nearly  allied  to  leprosy.  It  probably  depends  on  a  virus  which 
has  a  much  more  active  influence  on  the  tissues  than  the  embrvo 
filaria  has. 

In  what  has  gone  before  the  adult  and  embryo  filaria  have  been 
described,  but  the  stages  by  Avhich  the  embryo  attains  to  the  adult 
form  have  been  omitted.  The  embryo  in  the  human  body  does  not 
pass  beyond  the  stage  which  it  had  reached  at  birth,  and  in  order  to 
complete  the  cycle  of  its  development  it  must  pass  into  the  body  of 
another  animal.  The  intermediate  host  has  been  found  to  be  a  species 
of  mosquito  (Manson).  The  female  of  this  animal  has  a  proboscis 
which  she  inserts  into  the  skin  and  through  Avhich  she  sucks  blood  into 
the  stomach.  With  the  blood  the  embryoes  are  taken  in,  and  they 
have  been  found  in  the  stomach  even  in  larger  projDortional  numbers 
than  in  the  blood  of  the  person  from  whom  they  were  taken.  In  the 
stomach  the  embryo  passes  through  certain  stages  of  development  oc- 
cupying from  four  to  six  days.  At  this  period  the  mosquito  dies,  and 
probably  falls  into  water,  the  parasite  passing  from  the  stomach.  The 
further  stages  are  not  known  as  yet,  but  by  the  time  the  mosquito  dies 
the  parasite  has  already  acquired  a  boring  apparatus  fitting  it  to 
penetrate  the  tissues.  If  it  reaches  the  alimentary  canal  of  man,  it  Avill 
then  bore  through  the  tissues  till  it  finds  its  selected  site  in  the 
lymphatics.  It  selects  this  site  just  as  the  trichina  selects  the  muscles 
or  the  echinococcus  the  liver.    In  its  new  jjosition  it  attains  to  sexual 
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I  maturity,  and  being  impregnated,  gives  birth  to  the  embryoes  as  we 
(   have  seen. 

The  species  of  mosquito  here  concerned  is,  like  other  mosquitoes, 
j   nocturnal  in  its  habits,  so  that  it  attacks  affected  persons  at  the 
time  when  the  parasite  is  present  in  the  blood.    The  occurrence  of  the 

■  embryoes  in  the  blood  at  night  has  been  regarded  as  a  provision  of 
nature  for  the  propagation  of  the  species. 

EPIZOA  OE  EXTEENAL  PAEASITES. 

These  do  not  call  for  extended  treatment  here,  as  they  are  fully 

'.  described  in  works  on  diseases  of  the  skin.  Little  more  than  an 
enumeration  of  them  will  be  attempted. 

The  AcARUS  SCABIEI,  or  Sarcoptes  hominis,  has  an  oval  body  just 

j  large  enough  to  be  visible  to  the  naked  eye,  the  female  being  one- 
fiftieth  of  an  inch  in  length  and  the  male  about  half  that  size.  The 
anterior  part  has  a  head  and  four  limbs,  each  of  which  has  a  sucker  at 
its  extremity.    There  are  also  four  posterior  limbs,  all  of  which  in  the 

i  female  have  pointed  extremities,  but  in  the  male  two  of  them  have 
suckers.  The  female  burrows  in  the  epidermis,  forming  long  tunnels 
in  Avhich,  as  it  proceeds,  it  deposits  its  eggs ;  it  is  usually  to  be 
found  at  the  deepest  end  of  the  tunnel  and  the  eggs  at  intervals. 

!  The  ggs  develop,  and,  as  the  epidermis  desquamates,  they  come  to 
the  surface  by  degrees,  the  young  being  born  usually  as  they  reach  the 
surface.  The  irritation  of  the  animal  in  the  epidermis  gives  rise  to  a 
slight  inflammation  causing  the  formation  of  a  papule.  Usually  there 
is  great  itching,  and  the  scratching  leads  to  further  eruptions,  especially 

:  in  predisposed  persons. 

The  AcARUS  FOLLICULORUM  is  a  long  narrow  animal  provided 
i  anteriorly  Avith  four  pairs  of  short  feet.    It  is  found  in  the  sebaceous 
follicles,  especially  of  the  external  meatus  of  the  ear  and  neighbourhood 
'  of  the  nose.    It  seems  to  produce  no  special  irritation. 

Pediculi  or  lice  occur  in  three  forms,  the  pediculus  capitis,  corporis 
and  pubis,  which  hardly  require  special  description. 

The  PuLEx  IRRITANS,  or  common  flea,  is  famihar  to  every  one. 

The  LARV.^;  of  insects  or  maggots  are  occasionally  found  in  the 

■  tissues  of  man.    There  are  a  few  cases  in  Avhich  such  larvse  have,  by 
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migrating  under  the  skin,  produced  considerable  inflammation.  There 
are  also  cases  in  which,  deposited  in  neglected  wounds,  or  even  in  the 
mouth  and  nostrils  of  excessively  debilitated  persons,  they  have  actually 
produced  considerable  destruction  by  feeding  on  the  tissues.  In 
neglected  military  hospitals  wounds  are  often  abundantly  tenanted 
by  maggots. 


PART   SECOND.— DISEASES    OF  THE 
SPECIAL  ORGANS  AND  SYSTEMS. 


DISEASES  OF  THE  ORGANS  OF  CIRCULATION. 

A.— THE  HEAET  AND  PEEICAEDIUM. 

MALFOEMATIONS  OF  THE  HEAET. 

TT^GR  a  very  full  account  of  the  malformations  of  the  heart  we  are 
indebted  to  Dr.  Peacock,  whose  work  forms  the  basis  of  the 
remarks  under  this  heading. 

Misplacements  of  the  heart  are  of  rare  occurrence,  and  the  more 
important  of  them  are  merely  part  of  a  general  malformation  of  the 
body.  The  heart  may  be  transposed,  that  is  to  say,  placed  in  a  position 
on  the  right  side  of  the  chest  corresponding  with  that  which  it  normally 
occupies  on  the  left.  With  this  there  is  usually  transposition  of  the 
viscera,  but  it  sometimes  occurs  alone.  Again,  the  heart  may  occupy 
the  middle  line  as  it  does  in  early  foetal  life.  It  may  be  placed  outside 
the  thorax  altogether,  but  in  this  case  there  are  other  congenital 
malformations,  and  that  of  the  heart  only  forms  a  part. 

Absence  of  the  pericardium  is  a  rare  congenital  malformation, 
and  is  mostly  associated  with  misplacement  of  the  heart.  It  is  not  to 
be  confused  with  adhesion  of  the  pericardium  and  consequent  obliter- 
ation of  the  sac  which  is  so  frequent  in  after-life. 

True  malformations  of  the  heart  and  great  vessels  for 
the  most  part  represent  survivals  of  foetal  conditions.  In  order  to  a 
comprehension  of  these  conditions  it  will  be  necessary  here  to  refer 
briefly  to  the  state  of  the  heart  in  early  foetal  life,  and  the  changes 
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which  it  subsequently  undergoes.  The  heart  at  an  early  period  consists 
of  two  cavities,  an  auricle  and  a  ventricle.  The  simple  auricle  receives 
the  two  vena3  cavse,  and  the  ventricle  gives  origin  to  the  common  arterial 
trunk.  The  ventricle,  the  auricle,  and  the  common  arterial  trunk  subse- 
quently undergo  subdivision  each  into  two.  This  separation  in  the  ventricle 
begins  near  the  apex ;  the  septum  gradually  rises  towards  the  base,  its 
completion  at  the  base  being  delayed  after  the  rest  of  the  septum  has  been 
formed.  The  common  arterial  trunk  begins  to  show  signs  of  division 
by  a  septum  about  the  time  that  the  interventricular  septum  is  approach- 
ing the  base.  A  septum  passing  from  both  sides  of  the  artery  meets 
and  divides  the  vessel  into  what  are  subsequently  the  pulmonary  artery 
and  the  aorta.  These  are  so  adjusted  as  to  connect  with  the  right  and 
left  ventricles  respectively.  The  division  of  the  auricles  does  not  begin 
till  the  ventricular  septum  is  nearly  completed,  namely  about  the  ninth 
week,  and  after  being  fully  formed  the  septum  remains  partially  open 
during  the  whole  of  intra-uterine  life. 

Some  of  the  malformations  met  with  are  survivals  from  a  very  early 
period  of  foetal  life.  The  heart  may  consist  of  only  two  cavities,  an 
auricle  and  a  ventricle,  with  a  single  arterial  trunk  representing  both 
aorta  and  pulmonary  artery.  Then  there  is  the  heart  with  three 
cavities,  an  imperfectly  divided  auricle  with  two  auriculo-ventricular 
orifices,  and  a  single  ventricle  with  no  septum,  or  a  very  rudimentary 
one. 

Leaving  out  of  view  these  extreme  cases,  most  instances  of  imperfect 
closure  of  the  septa  are  directly  related  to  obstruction  caused  by  disease 
of  the  pulmonary  artery  or  aorta  at  or  near  their  orifices.  In  a  way  to  be 
presently  explained  such  obstruction  leads  to  imperfect  closure  and  other 
malformations.  It  is  to  be  remembered  that  the  part  at  the  base  is  the 
last  part  of  the  septum  to  close,  and  that  it  is  at  the  base  that  the 
great  vessels  arise.  Consequently  an  imperfect  closure  will  cause  both 
ventricles  to  communicate  more  or  less  with  both  great  arteries,  and  if 
one  of  the  latter  be  larger  than  the  other  it  will,  as  it  were,  overlap  the 
imperfect  septum  and  take  origin  partly  from  the  other  ventricle  as 
Avell  as  its  own. 

Let  us  consider  the  effect  of  stenosis  of  the  pulmonary  artery 
occurring  at  an  early  period,  when  the  interventricular  septum  has  not 
yet  closed  ;  or  let  us  suppose  that  the  common  arterial  trunk,  instead  of 
dividing  into  pulmonary  artery  and  aorta,  does  so  imperfectly,  and  so 
there  is  a  large  aorta  and  a  small  pulmonary  artery,  or  even  an  entire 
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absence  of  the  latter.  In  the  case  last  mentioned  the  blood  from  the 
right  ventricle,  as  well  as  that  from  the  left,  would  pass  into  the  aorta, 
and  the  constant  recurrence  of  this  passage  of  blood  at  each  systole  of 
the  ventricle  would  prevent  the  closure  of  the  septum  at  the 
base,  and  cause  the  aorta  to  take  permanent  origin  from  the  right 
ventricle  as  well  as  from  the  left.  The  condition  would  in  fact  virtually 
be  that  of  a  heart  M'ith  three  cavities,  and  it  is  possible  that  some  of  the 
cases  in  which  this  is  the  form  of  malformation  may  have  such  an 
origin.  Short  of  this  complete  atresia  (or  obliteration)  of  the  pulmon- 
ary artery,  obstruction  may  occur  in  varying  degrees,  and  the  results 
will  vary  correspondingly.  The  aorta  will,  in  the  more  serious  cases, 
take  origin  to  a  greater  or  lesser  extent  from  the  right  ventricle,  while 
in  those  which  are  less  extreme  there  will  simply  be  a  gap  in  the 
septum. 

It  has  already  been  remarked  that  the  last  part  of  the  septum  to 
close  in  the  foetus  is  the  basal  part,  and  there  is,  even  in  the  adult,  a 


Fig.  153.— Defect  of  inter-ventricular  septum.  The  gap  is  situated  at 
the  base,  in  the  position  of  the  undefended  space  in  the  normal  heart. 
(Peacock.) 


small  triangular  space  at  the  base  of  the  septum,  in  which  there  is  no 
muscular  tissue,  and  which  is  composed  only  of  the  two  layers  of 
endocardium  of  the  right  and  left  ventricles  and  some  loose  connective 
tissue  between.  This  space  is  called  the  undefended  space,  and  in  a 
considerable  proportion  of  cases  a  minute  aperture  persists  in  adult  life 
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at  this  point.  If  the  septum  closes  imperfectly  the  gap  has  its  seat  here 
(see  Fig.  153). 

We  have  seen  that  imperfect  closure  of  the  septum  and  partial 
origin  of  the  aorta  from  the  right  ventricle  are  the  most  direct  results  of 
stenosis  or  atresia  of  the  pulmonary  artery,  but  there  are  other  results 
which  also  follow.  The  septum  is  bulged  to  the  left,  and  the  right 
ventricle  is  generally  greatly  hypertrophied.  This  hypertrophy  of  the 
right  ventricle  is  probably  of  the  same  nature  as  the  hypertrophy  of 
the  ventricles  in  adult  life,  which  occurs  so  frequently  in  connection 
with  obstruction  of  orifices.  It  is  due  to  the  extra  powerful  muscular 
efforts  made  by  the  right  ventricle  to  overcome  the  obstruction  of  the 
pulmonary  artery. 

In  addition  to  imperfection  of  the  interventricular  septum,  there  is 
very  often  in  these  cases  imperfect  closure  of  the  foramen  ovale  after 
birth.  This  will  be  a  natural  consequence  of  the  enlargement  of  the 
right  ventricle.  The  obstruction  of  the  pulmonary  artery  keeps  back 
the  blood,  as  it  were,  in  the  right  ventricle  and  auricle,  and  the 
blood,  accumulating  in  the  right  auricle,  continues  to  pass  through  the 
foramen  ovale,  and  prevents  its  closure.  This  consequence,  however, 
does  not  invariably  follow. 

Another  consequence  of  occasional  occurrence  is  the  permanent 
patency  of  the  ductus  arteriosus.  If  the  pulmonary  artery  at  its  origin 
is  so  much  obstructed  as  to  prevent  the  passage  of  the  blood  in  due 
amount  to  the  lungs,  then  the  aorta  will  after  birth  augment  the  supplj- 
by  the  ductus  arteriosus,  through  which  the  blood  will  pass  in  the 
reverse  direction  to  what  is  normal  in  the  foetus. 

We  have  hitherto  considered  the  case  of  obstruction  of  the  pul- 
monary artery  at  a  time  when  the  interventricular  septum  is  still  incom- 
plete, but  it  may  occur  after  the  completion  of  the  septum.  In  that 
case  the  most  direct  result  will  be  dilatation  and  hjrpertrophy  of  the 
right  ventricle,  and  permanent  patency  of  the  foramen  ovale.  Patency 
of  the  foramen  ovale  will  be  a  more  constant  result  here  than  in  the 
former  case,  as  this  orifice  will  afford  the  only  means  of  relieAdng  the 
excessive  accumulation  of  blood  in  the  right  side,  whereas  in  the  case 
of  imperfect  interventricular  septum  the  excess  is  relieved  by  this 
communication. 

We  have  been  considering  the  effects  of  OBSTRUCTION  of  the  pul- 
monary artery,  but  the  aorta  is  sometimes,  though  by  no  means  so 
frequently,  the  seat  of  obstruction.  In  that  case  the  relation  of  matters 
is  inverted.    The  septum  of  the  ventricles  is  imperfect,  but  it  is  bulged 


MALFORMATIONS  OF  THE  HEART. 


308 


to  the  right,  and  the  pulmonary  artery  takes  origin  more  or  less  from 
the  left  ventricle  as  well  as  from  the  right.  The  aorta  beyond  the  obstruc- 
tion often  continues  after  birth  to  be  supplied  with  blood  from  the 
pulmonary  artery  through  the  ductus  arteriosus.  The  foramen  ovale 
may  remain  open. 

It  has  been  stated  above  that  the  pulmonary  artery  is  much  more 
frequently  obstructed  than  the  aorta  during  foetal  life,  and  this  leads  us 
to  consider  what  may  be  the  cause  of  obstruction  in  these  cases. 
The  obstruction  may  be  due  to  disease  of  the  valves  or  to  contraction 
of  the  artery  itself.  We  are  familiar  with  malformation  of  the  valves 
from  adhesion  in  adult  life  as  a  consequence  of  inflammation,  and  there 
is  reason  to  beUeve  that  it  is  due  to  the  same  cause 
in  the  foetus.  In  the  annexed  figure  (Fig.  154)  a 
condition  of  the  pulmonary  valve  is  shown  which  is 
exactly  similar  to'  that  which  we  so  often  see  in  the 
aortic  valve  in  the  adult.  The  three  curtains  are 
thickened  and  united  by  their  margins  so  as  to  form 
a  diaj)hragm  instead  of  three  mobile  folds.  In  the 
adult,  inflammation  is  immensely  more  common  in  the  taf'fdh^^ston^of  ^the 
valves  of  the  left  side  than  in  those  of  the  right,  and  mon^y  faivt^  The 
it  is  difiicult  to  understand  how  it  is  exactly  the  re-  Iw.^\peacockO°°^ 
verse  in  the  foetus. 

The  proclivity  to  disease  shown  by  the  valves  of  the  left  side  in  the 
adult  is  usually  ascribed  to  the  fact  that  these  are  exposed  to  greater 
strain  than  those  of  the  right  side.  The  blood-pressure  in  the  systemic 
arteries  is  much  higher,  and  is  exposed  to  greater  variations.  But 
in  the  foetus,  as  Peacock  has  pointed  out,  a  much  larger  proportion 
of  the  circulation  is  dependent  on  the  right  ventricle  than  in  the  adult, 
the  descending  aorta  and  the  umbilical  arteries  being  fed  by  this 
ventricle.  The  blood  in  the  umbilical  arteries  must  be  exposed  to 
considerable  variations  in  pressure,  from  obstructions  occurring  in  the 
umbilical  cord  and  placenta,  and  these  variations  will  be  reflected  to  the 
pulmonary  artery  and  right  ventricle.  On  the  other  hand,  the  left 
ventricle  and  aorta  in  the  foetus  are  related  to  a  much  smaller  area 
of  the  circulation  than  in  the  adult,  and  the  systemic  arteries  in 
the  quiescent  state  of  the  foetus  Avill  be  little  exposed  to  variations 
in  pressure. 

In  the  great  majority  of  cases,  the  malformations  hitherto  referred  to 
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are  connected  with  and  due  to  obstruction  of  the  pulmonary  artery  o- 
aorta,  but  it  is  to  be  added  that  incompleteness  of  the  septum  and  the 
partial  misplacements  of  the  great  vessels  which  go  along  with  it  may 
occur  without  any  such  cause  being  apparent.  The  same  applies  to 
patency  of  the  foramen  ovale,  but  in  a  much  higher  degree. 

Mere  patency  of  the  foramen  ovale  is  hardly  to  be  regarded 
as  a  serious  malformation,  especially  when  we  consider  that  in 
nearly  a  half  of  adult  hearts  there  is  a  slight  degree  of  incompleteness 
in  the  closure  of  this  aperture.  In  these  cases,  however,  there  is  no  real 
mixing  of  the  currents  in  the  two  auricles,  as  the  remaining  aperture 
is  valved  by  folds  in  the  septum.  The  imperfect  closure  becomes 
important  when,  through  obstruction  in  the  pulmonary  artery,  the 
blood  pressure  in  the  right  auricle  is  raised  sufficiently  to  cause  the 
blood  to  pass  through  the  aperture. 

Before  leaving  this  part  of  the  subject  it  will  be  proper  to  refer  to 
certain  irregularities  of  the  primary  vessels.  There  are  cases 
6n  record  in  which  the  aorta  has  arisen  posteriorly  from  the  right  ven- 
tricle and  the  pulmonary  artery  anteriorly  from  the  left.  In  this  case, 
the  blood  from  the  systemic  veins  is  sent  into  the  systemic  arteries 
without  passing  through  the  lungs.  Such  a  condition  seems  hardly 
compatible  with  the  prolongation  of  Hfe  after  birth ;  yet  several  cases 
of  survival  are  on  record,  in  one  case  life  being  prolonged  as  long  as 
three  years. 

Another  malformation  is  narrowness  or  obliteration  of  the  isthmus 
OF  the  aorta,  or. that  portion  between  the  giving  off  of  the  left  sub- 
clavian and  the  insertion  of  the  ductus  arteriosus.  In  the  foetus  this 
portion  is  hardly  in  use,  and  it  may  be  imperfectly  developed  and 
form,  after  birth,  an  obstruction.  In  that  case  the  pulmonary  artery 
will  usually  supply  the  abdominal  aorta,  as  in  the  foetus,  the  ductus 
arteriosus  remaining  patent.  The  ductus  arteriosus  may  close,  how- 
ever, in  which  case  the  descending  aorta  must  be  replenished  by  cir- 
cuitous anastomoses  through  the  subclavian,  mammary,  intercostal,  and 
epigastric  arteries. 

In  additi5n  to  these  more  serious  malformations  of  the  heart  and  its 
o-reat  vessels,  there  are  certain  congenital  malforimations  of  the 
VALVES  which  merit  some  attention.  These  malformations  concern 
mainly  the  semilimar  valves  of  the  aorta  and  pulmonary  arter}-.  The 
valve  may  be  in  the  form  of  a  diaphragm  in  which  there  are  merely  indica- 


MALFORMATIONS  OF  THE  HEART.  305 


r 


ions  of  a  tripartite  formation.  In  this  case  the  diaj)hragm  is  often  j)ro- 
truded  into  the  vessel  in  the  form  of  a  funnel.  Again,  we  not  un- 
frequently  meet  with  some  variety  in  the  size  or  number  of  the 
semilunar  folds.  There  may  be  only  two  curtains,  usually  a  large  and 
a  normal  one.  The  larger  one  commonly  shows  indications  of  a  par- 
tial division  (see  Fig.  155).  Then  with  three  curtains  there  may  be  two 
large  segments  and  a  small  rudimentar}^  one  between. 

These  malformations  are  pro- 
bably to  be  referred  to  endocar- 
I  litis  occurring  in  the  foetus.  In 
adult  life  endocarditis  often  pro- 
'  luces  adhesion  of  the  curtains, 
l)ut  there  is  also  very  great 
.contortion  of  the  valves.  But, 
in  the  foetus,  the  plastic  power 
and  adaptability  of  the  struc- 

T  ^  ,     T  Fig.  155.— Cougenitiil  malformation  of  aortic  valve. 

UreS  IS  much  greater,  and  the  There  are  two  curtains,  but  the  larger  one  shows  a 
,.1   1         11  p  partial  division.  (Peacock.) 

rliree  coalesced  valves  may  form 

a  well-shaped  diaphragm,  or  the  two  a  single  larger  semilunar  fold.  In 
cither  case  there  are  still  indications  of  the  coalescence  in  the  form  of 
thickenings  along  the  line  of  union.  It  is  obvious  that  these  malfor- 
lual^ions  will  frequently  interfere  Avith  the  functions  of  the  valves.  In 
the  extreme  cases  of  complete  union  of  the  three  curtains  (as  in  Fig.  154) 
there  will  be  great  obstruction  as  well  as  imperfect  closure.  When 
there  are  only  two  curtains  the  middle  part,  where  coalescence  has  oc- 
riirred,  is  thicker,  and  the  curtain  -will  be  more  rigid  at  this  point. 
This,  itself,  will  interfere  with  the  curtains  falling  back  against  the 
aortic  wall  during  the  systole  of  the  ventricle,  and  so  there  will  be  a 
'  (u-tain  degree  of  obstruction.  But,  again,  during  the  process  of  growth, 
the  thickened  line  of  junction  being  unduly  rigid  will  not  probably  ex- 
I'and  sufficiently,  and  the  middle  of  the  curtain  will  thus  be  held  back. 
During  the  closure  of  the  valve  there  will  thus  be  an  aperture  left, 
allowing  of  regurgitation.  The  tendency  to  regurgitation  is  increased 
li,)-  the  imperfect  support  which  the  large  curtain  receives  from  the 
^nialler  one.  During  closure  the  edge  of  the  large  one  must  partially 
loublc  up  in  order  to  adapt  itself  to  the  Bmall  one,  and  so  a  gap  may 


We  have  seen  that  these  adhesions  of  the  curtains  are  probably  due 
'>  intra-uterine  endocarditis,  and  there  is  apt  to  be  a  recurrence  of  the 
I  isease  after  birth.    It  may  be  said  that  the  previous  existence  of  in- 
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flammation  renders  the  structures  liable  to  a  recurrence  or  possibly  a 
prolongation  from  the  fffital  period.  But,  in  addition,  the  imperfect 
adaptation  of  the  valves  will  itself  afford  a  certain  irritation  and  pre- 
dispose the  structures  to  inflammation.  So  it  happens  that  valves 
malformed  in  this  way  are  peculiarly  prone  to  disease  in  after-life,  even 
though  their  function  is  not  at  first  imperfect. 

Besides  the  variations  already  noted  the  curtains  of  the  aortic  and 
pulmonary  valves  are  sometimes  abnormally  numerous,  especially 
those  of  the  latter.  There  may  be  four  curtains  instead  of  three,  and 
they  may  present  all  varieties  of  size  relative  to  one  another. 

The  semilunar  valves  sometimes  present  a  condition  somewha 

APPROACHING   that    of    THE   AURICULO- VENTRICULAR    VALVES  whic 

are  of  the  cuspid  form.  It  is  to  be  noted  that  during  the  closur 
of  a  semilunar  valve  the  curtains  do  not  come  in  contact  by  their  fre 
margins,  but  that  the  line  of  contact  is  somewhat  removed  from  th 
margin.  During  closure,  therefore,  Avhen  the  artery  is  full,  a  certai 
portion  of  the  curtain  floats  free  in  the  blood.  Now  the  portion  b 
tween  the  line  of  contact  and  the  free  margin  is  frequently  the  seat  o 
.apertures  or  fenestrations,  and  that  without  affecting  the  function  o 
.the  valve.    This  fenestration  may  be  very  extreme  and  may  gradua 

towards    a    condition  i 
Avhich  (see  Figure  156),  in 
stead  of  a  piece  of  tissue, 
there  are  merely  a  seri 
of  tendinous  bands  passin 
from  the  curtain,  near  th 
line  of  contact,  to  the  wal 
of  the  vessel  at  the  point 
!  of  insertion  of  the  curtain. 
These  tendinous  bands  i  t 
semble  the  chordae  tendine;f 
of  the  cuspid  valves,  and 
the  resemblance  may  be  in- 

Pig.  15(3.-Feue.9tration  of  the  marginal  parts  of  tho  aortic  creasod  by  the  neighbourillU 

valve    There  is  an  appearance  of  chordfe  teudineaj,  and  the  .    •      i  ■ 

bands  from  two  proximal  curtains  are  inserted  into  a  pro-  edgeS  01  the  CUrtamS  1)6111,:.; 

Jection  fron.  the  aorta.  .^.^^^^  tendinon^ 

bands  from  the  adjacent  borders  of  two  curtains  passing  together  to  tlio 
wall  of  the  vessel  (see  figui'e).  There  may  be  even  on  the  wall  of  the 
vessel  an  elongated  prominence  into  which  the  bands  are  inserted,  and 
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resembling  a  musculus  papillaris.  These  bands  may  have  a  considerable 
free  course  from  the  middle  of  the  curtain  to  the  wall  of  the  vessel.  A 
certain  indication  of  such  conditions  is  very  frequent  in  both  the  aortic 
rand  j)ulmonary  valves. 

It  may  be  asked,  Does  such  a  malformation  interfere  with  the 
function  of  the  valve  ?  Probaljly  not  much,  but  still  to  a  certain 
extent.  Each  form  of  valve  is  appropriate  to  its  own  place.  The 
cusj)id  form  is  adapted  to  an  aperture  between  two  cavities,  the  semi- 
lunar to  the  orifice  or  course  of  a  vessel.  The  latter  takes  up  less  room, 
:iud  by  reason  of  the  complete  separation  of  the  curtains  it  falls  back 

'  completely  when  the  blood  rushes  past  it.  But  if  the  valve  approaches 
ro  the  cuspid  form,  especially  if  the  margins  of  the  curtains  are  united, 
and  the  tendinous  bands  from  two  have  a  common  insertion,  then  there 

I, can  hardly  be  that  complete  falling  back  which  occurs  when  the  func- 
tion is  perfect.  .  This  will  probably  cause  a  trivial  obstruction,  and  the 
curtains 'being  unduly  exposed  to  the  force  of  the  wave  of  blood  may  be 
"specially  liable  to  inflammation. 

Cyanosis. — Before  leaving  the  subject  of  malformations  of  the  heart, 
I  we  have  to  consider  this  condition  which  is  so  often  associated  with 
certain  forms.     Children  born  with  malformations  of  the  heart  are 
usually  liable  to  symptoms  connected  with  the  respiration  and  circula- 
tion, which  are  in  many  respects  comparable  with  those  from  valvular 
disease  acquired  in  after-life,  and  consist  chiefly  in  attacks  of  dyspnoea 
and  lividity.    These  symptoms  may  occur  at  birth  or  soon  after  it,  but 
'  they  may  be  postponed  even  for  years,  and  develop  apparently  by  some 
extra  stress  laid  on  the  circulation.    Occurring  at  first  intermittently 
the  dyspnoea  and  lividity  very  often,  to  some  extent,  become  permanent, 
and  this  is  particularly  true  of  the  lividity.    This  generally  becomes 
•such  a  marked  characteristic  of  such  persons  that  they  are  visibly  the 
:  subjects  of  Cyanosis  or  morbus  c^eruleus.   The  lips  and  finger  nails  are 
blue,  and  there  is,  perhaps,  a  deep  lividity  of  hands,  feet,  and  cheeks  as 
well. 

Two  explanations  of  this  symptom  have  been  oflered.  The  first  is 
that,  as  in  these  cases,  the  septa  of  the  heart  are  mostly  imperfect,  the 
lividity  results  from  the  mixing  of  the  currents,  venous  blood  being 
mixed  with  the  arterial  in  the  systemic  vessels.  This  looks  a  vevy 
likely  explanation,  but  there  are  two  serious  objections  to  it.  Cyanosis 
has  been  found  in  cases  where  the  currents  did  not  mix,  and  it  has  been 
•  absent  where  they  undoubtedly  did.    Besides  this,  it  is  found  that  the 
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degree  of  cyanosis  is  not  at  all  proportionate  to  the  mixing  of  the  cm 
rents.  The  other  explanation  is  that  the  cyanosis  is  due  to  venou^ 
engorgement,  just  as  lividity  occurring  in  valvular  disease  in  the  adult. 
In  nearly  all  the  cases  there  is  obstruction  of  the  pulmonary  artery 
which  we  have  seen  to  be  at  the  basis  of  most  malformations,  and  tlii> 
has  the  effect  of  bringing  about  a  general  venous  engorgement.  Durin- 
the  early  periods  of  life  the  blood-vessels  are  more  yielding  and  plasti( , 
and  so  the  permanent  congestion  tells  much  more  on  them  than  it  doe^ 
in  adult  life.  Cyanosis  developed  in  after-life  sometimes  approaches  in 
intensity  to  that  from  malformation,  but  it  rarely  reaches  it. 

It  may  be  interesting  to  refer  to  the  duration  of  life  in  person- 
affected  with  malformations  of  the  heart.  If  there  is  merely  slight  im- 
perfection of  the  septa,  the  defect  is  of  little  importance,  and  we  have 
already  seen  that  there  is  imperfect  closure  of  the  foramen  ovale  in  a 
large  proportion  of  the  cases  met  with  in  the  ordinary  course  of  post 
mortem  examination.  If  there  is  moderate  contraction  of  the  pul 
monary  artery  while  the  heart  is  otherwise  well  formed,  the  riglit 
ventricle  will  probably  hypertrophy,  and  this  may  almost  complete!  \ 
compensate,  so  that  life  is  scarcely  shortened.  If  the  foramen  ovale 
distinctly  patent,  this  generally  implies  a  greater  degree  of  obstruction 
of  the  pulmonary  artery,  and  life  is  usuall}^  abbreviated.  Peacock  ha- 
collected  twenty  cases  of  this  kind,  and  only  eleven  of  these  lived  to  the 
age  of  15  and  upwards,  but  some  lived  as  long  as  34,  40,  and  57.  In 
three  cases  the  ductus  arteriosus  was  also  open,  and  these  died  at  the 
ages  of  10  months,  15  months,  and  29  years.  If  the  interventricular 
septum  is  imperfect,  this  implies  an  obstruction  at  an  earlier  period  of 
foQtal  life,  and  the  duration  of  life  is  shorter.  Of  sixty-four  cases,  only 
fourteen  survived  the  age  of  15,  but  still  three  lived  as  long  as  25,  and 
one  to  39  years.  Where  the  pulmonary  artery  is  entirely  impervious, 
the  duration  of  life  is  still  shorter  ;  of  twenty-eight  such  cases  only  seven 
lived  over  a  year,  and  the  longest  duration  was  1 2  years.  Where  there 
is  still  greater  arrest  of  development,  and  the  heart  consists  of  but  one 
ventricle,  with  one  or  two  auricles,  the  period  of  survival  is  usuall}'  very 
limited,  but  it  is  interesting  to  find  that  four  persons  thus  affected  havi' 
lived  to  the  ages  of  11,  16,  23,  and  24  years.  Transposition  of  the  pul- 
monary artery  and  aorta  might  appear  to  be  a  malformation  almost 
incompatible  with  life,  and  yet  of  twenty-one  such  cases,  four  lived 
between  2  and  3  years.  When  the  aorta  is  obstructed  at  its  isthnnis. 
and  the  descending  aorta  is  sup]iHed,  wholh*  or  ])artially,  by  the  pul- 
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monaiy  artery,  the  duration  of  life  is  usually  very  limited.  The  lungs 
peem  to  be  deprived  of  blood,  because  it  passes  to  the  abdominal  aorta, 
'and  the  children  die  with  symptoms  of  dyspnoea  and  syncope.  If  the 
obstruction,  however,  be  only  slight,  the  person  may  survive  to  adult  or 
middle  life,  even  though  the  ductus  arteriosus  remains  pervious ;  thus 
there  are  cases  of  survival  to  24,  32,  and  43  years  of  age.  If  the  constric- 
tion be  so  shght  that  the  ductus  arteriosus  closes,  it  may  yet  become  much 
more  considerable  afterwards,  or  the  aorta  may  even  be  obliterated 
at  the  point  indicated.  Yet  such  patients  may  survive  long,  as  even 
Avith  obliteration  the  ages  of  45,  50,  and  57  have  been  attained. 
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This  condition  is  one  of  comparatively  frequent  occurrence,  but  is 
for  the  most  part  merely  a  part  of  general  atrophy,  or  emaciation  of 
(the  body.    In  emaciating  diseases  such  as  phthisis  pulmonalis,  stricture 
of  the  oesophagus,  cancer  of  the  stomach,  etc.,  where  the  muscular 
system  as  a  whole  has  undergone  great  reduction  in  bulk,  the  heart  is 
found  to  take  part  in  the  same  process.    Taking  the  normal  weight  of 
the  heart  as  9  ounces  for  the  female,  and  10  or  11  ounces  for  the  male,  we 
may  find  it  reduced  to  6  or  even  5  ounces.    The  heart  as  a  whole  is 
obviously  smaller,  and  it  has  a  darker  colour  than  normal,  while  the 
l  oronary  arteries  stand  out  unduly,  often  as  somewhat  prominent  tubes. 
This  change  of  colour  and  the  prominence  of  the  arteries  are  largely  due 
to  the  loss  of  the  sub-pericardial  fat,  which  normally  covers  the  greater 
part  of  the  surface  and  accompanies  the  coronary  arteries,  partially 
3mbedding  them  in  the  adipose  tissue.    The  muscular  tissue  itself  is 
darker  in  colour,  presenting  a  dirty  brown  hue  instead  of  the  normal 
robust  red.     It  is  also  tougher  and  dryer.    The  deepening  of  the 
colour  is  probably  due  to  a  concentration  of  the  normal  pigment 
from  the  diminution  of  the  contractile  substance  Avithout  any  loss  of 
the  pigment,  just  as  red  blood  corpuscles  become  much  deeper  in  tint 
when  they  shrink  by  drying  in. 

There  is  little  doubt  that  the  muscular  fibres  in  this  condition  undergo 
un  actual  diminution  in  thickness,  although  from  the  great  variety 
in  diameter  which  the  muscular  fibres  of  the  heart  present  this  is  very 
difficult  to  prove.  The  shrinking  of  the  muscular  fibres  causes  the  con- 
nective tissue  to  be  unduly  prominent,  and  gives  the  muscle  its  undue 
toughness. 
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HYPEETROPHY  OF  THE  HEART. 

In  entering-  on  this  su])ject  it  is  necessary  in  the  fii-st  place  t(. 
consider  under  Avhat  circumstances  such  a  condition  may  be  ])rought 
about.  It  will  be  understood  that  the  term  is  applied  to  hypertrophy 
of  the  muscular  substance  of  the  heart,  giving  rise  according  to  circum- 
stances to  enlargement  of  particular  ventricles  or  auricles,  or  of  th<; 
heart  as  a  whole.  We  have  already  seen  that  hypertrophy  of  muscL; 
occurs  as  a  result  of  repeated  forcible  contraction  of  the  muscle,  and 
apparently  from  no  other  cause,  hence  in  each  case  of  cardiac  hypertrophy 
we  have  to  look  for  some  cause  producing  increased  vigour  of  the  con- 
tractions of  the  cardiac  muscle.  The  cardiac  contractions  are  regulated 
hy  the  wants  of  the  system.  When  we  lie  quiet  in  bed  they  are  com- 
paratively infrequent  and  deficient  in  force.  When  we  exert  ourselves 
by  walking  or  climbing  a  hill,  they  increase,  it  may  be  greatly,  in  fre- 
quency and  force.  The  needs  of  the  tissues  assert  themselves  by  the 
nervous  connections  of  the  body  on  the  cardiac  ganglia,  and,  the  contrac- 
tions become  more  forcible.  Within  the  limits  of  health,  and  Anthout 
any  increase  of  the  volume  of  the  cardiac  muscle,  there  are  great  xari- 
ations  possible  in  the  force  of  the  cardiac  contractions.  But  where  the 
heart  is  for  a  prolonged  period  impelled  to  unusually  violent  exertion, 
it  may  liecome  hypertrophied.  Thus,  in  soldiers  who  have  had  to 
execute  a  series  of  long  marches,  hypertrophy  has  been  foimd  to 
develop ;  in  such  a  case  it  is  comparable  with  that  of  the  muscles  of  a 
blacksmith's  arm,  and  is  hardly  pathological.  Now,  anything  which  inter- 
feres with  the  due  carrying-on  of  the  circulation  wiW  be  likely  to  lead 
to  increased  vigour  of  the  cardiac  contractions,  and,  if  prolonged,  to 
hypertrophy.  If  the  arteries  are  not  duly  filled  at  each  systole,  if  the 
blood  does  not  reach  the  cajiillaries  Avith  a  sufficiently  rapid  current, 
then  the  heart  replies  to  certain  reflex  imimlses  and  contracts  more 
vigorously.  Conditions  leading  thus  directly  to  impoA-erishment  of 
the  circulation,  ma}'^  be  situated  in  the  heart  itself  or  outside  it,  and 
it  will  be  understood  that  the  hypertrophy  will  be  COMPENSATORY,  and 
may  be  sufficient  to  overcome  the  difficidty. 

In  many  of  these  conditions  there  is  a  mechanical  interference  with 
the  flow  of  the  blood  either  in  the  heart  itself  or  in  the  arteries,  and  as 
a  consequence  the  heart  is  overloaded  with  blood.  In  such  cases  the 
cavities  will  be  dilated  and  the  dilatation  may  indeed  l)e  the  primary 
condition,  the  hypertrojih}'  occurring  as  a  secondary  consequence.  It  is 
usual,  therefore,  to  consider  dilatation  and  hypertrophy  together,  thei'e 
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being  commonly  some  dilatation  along  with  the  hypertrophy,  although 
it  is  rare  to  find  dilatation  without  hypertrophy. 

For  the  sake  of  illustration  we  shall  here  consider  some  cases 
of  cardiac  hypertroj^hy.  One  of  the  commonest  forms  is  that  which 
occurs  in  ADHESION  OF  THE  PERICARDIUM  In  this  condition,  as  we 
shall  see  afterwards,  the  sac  of  the  pericardium  is  obliterated  and 
the  parietal  pericardium  has  coalesced  with  the  visceral.  In  some  cases 
there  is  very  httle  hypertrophy,  but  in  others  it  is  very  great.  It 
is  to  be  remembered  that  adhesion  of  the  pericardium  takes  origin  in 
inflammation,  and  from  this  circumstance  it  results  that  in  several 
ways  the  action  of  the  heart  is  interfered  with.  During  the  acute 
stage  of  the  inflammation  there  is  fluid  in  the  sac  of  the  pericardium, 
and  by  the  mere  mechanical  pressure  of  this  fluid  the  cardiac  contrac- 
tions are  interfered  with ;  in  order  to  overcome  this  obstacle  the  heart 
may  hypertrophy,  and  if  the  effusion  continue  long  enough  there  may  be 
hypertrophy  from  this  cause  alone.  But  again,  the  inflammation 
extends  a  certain  distance  into  the  muscular  wall  of  the  heart  beneath 
the  pericardium.  A  certain  portion  of  muscle  is  thus  interfered  with 
in  its  action  and  more  vigorous  contraction  is  required  of  the  rest. 
There  may  even  be  considerable  thickening  of  the  pericardium  by 
development  of  connective  tissue,  and  this  extending  some  distance  in 
the  connective  tissue  between  the  muscular  fibres  may  seriously  compro- 
mise them.  But  further,  when  adhesion  is  complete,  the  heart  in 
contracting  must  drag  in  with  it  the  parietal  as  well  as  the  visceral 
pericardium.  In  the  normal  state  the  parietal  pericardium  lies  against 
the  visceral,  and  there  is  no  cavity  left,  but  then  the  two  surfaces  slide  on 
one  another,  and  the  parietal  layfer  accommodates  itself  to  the  move- 
ments of  the  heart.  If  there  is  adhesion,  however,  unless  the  adhesion 
be  very  loose,  there  can  be  no  such  sliding,  and  there  must  be  some 
loss  of  force  in  dragging  the  visceral  layer  inwards.  But  there  is  a 
further  very  important  element  in  the  problem.  The  inflammation  of 
the  pericardium  does  not  confine  itself  exactly  to  the  sac,  but  extends 
somewhat  outside  it,  so  that  when  recovery  occurs  the  visceral  layer 
is  united  more  firmly  by  new-formed  connective  tissue  to  parts  around, 
to  the  ribs  and  intercostal  spaces,  the  sternum,  the  pleura,  and  the 
roots  of  the  lungs.  This  being  the  case,  the  heart  will  meet  with 
greatly  increased  resistance  in  contracting,  as  it  will  have  to  drag  in 
these  adhesions  in  order  to  empty  itself.  In  order,  therefore,  to  send  a 
normal  amount  of  blood  out  of  the  ventricles,  an  excessive  amount  of 
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muscular  force  will  l)e  required,  and  the  continuance  of  this  will  lead  to 
hypertrophy.  It  will  be  seen  that  these  causes  vary  to  a  consider- 
able extent,  and  the  amount  of  hypertrophy  varies  in  proportion. 
As  the  causes  also  act  nearly  uniformly  on  the  heart,  the  hvpertrophv 
is  general,  that  is,  it  usually  affects  all  the  cavities  of  the  heart.  Such 
a  hypertrophy  may  almost  completely  compensate,  so  that  a  person 
with  adherent  pericardium  and  a  very  large  heart  may  have  no  cardiac 
symptoms. 


As  other  illustrations  of  cardiac  hyj^ertrophy  we  might  refer  tf. 
cases  of  valvular  disease  of  the  heart.  In  these  the  force  of  the 
cardiac  contractions  is  to  some  extent  wasted,  and  the  heart  is  spurred 
to  increased  exertion  to  supply  the  wants  of  the  system.  In  studying 
the  various  forms  of  valvular  disease  we  shall  have  sufficient  illustration 
of  this. 

Outside  the  heart  itself  there  may,  be  causes  interfering  with 
the  circulation  and  leading  to  cardiac  hypertrophy.  These  causes,  like 
disease  of  the  valves,  will  mostly  act  primarily  on  one  cavity,  and 
so  we  shall  have  partial  hypertrophies.  One  of  the  most  ob\-ioiis 
illustrations  of  this  is  afforded  by  diseases  in  which  the  circulation 
in  the  lungs  is  obstructed.  In  emphysema  there  is  great  obliteration 
of  the  pulmonary  vessels,  and  as  the  needs  of  the  organism  require  a 
certain  amount  of  blood  to  pass  through  the  pulmonary  vessels  in  a 
given  time,  the  right  ventricle  is  stirred  to  more  vigorous  contraction  in 
order  to  force  the  due  amount  through  the  smaller  number  of  vessels, 
and  through  time  it  hypertrophies.  In  the  case  of  the  systemic  circula- 
tion, aneurisms  and  rigidity  of  the  arteries  are  frequent  causes  of 
hypertrophy  of  the  left  ventricle. 

We  come  now  to  a  form  of  hypertrophy  of  the  left  ventricle 
which  it  is  somewhat  difficult  to  explain,  namely  that  which  occurs  in 
Bright's  disease.  It  would  carry  us  too  far  at  the  present  stage  were 
we  fully  to  discuss  the  causes  of  this  hypertrophy  of  the  heart,  which 
will  be  taken  up  again  in  considering  the  pathology  of  affections  of 
the  kidney.  In  the  meantime  it  may  be  noted  that  the  hypertrophy  is 
purely  of  the  left  ventricle,  and  its  cause  is  to  be  looked  for  in  some- 
thing which  increases  the  force  of  its  contractions,  or,  in  other  words, 
some  obstruction  in  the  systemic  arterial  circulation.  It  is  natural  to 
look  for  this  obstruction  in  the  kidneys  where,  in  chronic  Bright's 
disease,  there  is  often  great  contraction  and  obstruction  of  the  cajiil- 
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laries.  There  are  serious  objections  to  the  acceptance  of  this  view 
(which  was  that  of  Traube),  at  least  in  its  simplest  form,  and  we  shall 
return  to  this  point  afterwards.  In  the  meantime  it  may  be  stated  that 
this  form  of  Bright's  disease  is  associated  with  an  increased  blood  pres- 
sure (increased  tension)  in  the  systemic  arteries,  and  that  this  is  sufficient 
to  account  for  the  hypertrophy  of  the  heart.  An  increase  of  the  general 
blood-pressui'e  is  caused  most  effectually  by  a  general  narrowing  of  the 
.smaller  arteries  throughout  the  body,  and  this  would  seriously  stress 
the  heart,  if  it  had  not  sufficient  force  in  its  existing  muscular  fibre.  In 
the  case  of  Bright's  disease  increased  arterial  tension  first  develops,  and 
this  is  followed  by  hypertrophy  of  the  heart. 

Even  when  we  have  enumerated  all  the  cases  of  hypertrophy  of  the 
heart,  and  especially  of  the  left  ventricle,  in  which  a  definite  cause  can  be 
assigned,  there  still  remains  a  residuum  to  which  no  mechanical  explana- 
tion is  discoverable.  In  these  cases  it  may  be  presumed  that  there  is 
some  peripheral  obstruction  to  the  circulation,  perhaps  a  habitual  con- 
traction of  the  arteries  and  consequent  increased  tension.  Such  persons 
are  often  liable  to  palpitation,  and  sometimes  to  other  signs  of  heart 
disease,  but  without  any  valvular  lesion  or  other  mechanical  hindrance. 

Forms  of  Cardiac  Hypertrophy.— From  what  has  gone  before,  it 
Avill  be  apparent  that  hypertrophies  of  the  heart  vary  greatly  in  amount 
and  in  the  distribution  of  the  enlargement.  The  total  increase  in 
weight  is  greatest  in  cases  where  both  ventricles  are  enlarged,  and  the 
weight  of  the  heart  in  such  cases  not  uncommonly  reaches  from  27  to 
30  ounces.  It  is  least  where  the  right  ventricle  alone  is  enlarged,  because 
this  ventricle,  as  a  whole,  weighs  much  less  than  the  left,  but  in  pure  right 
ventricle  hypertrophy  a  weight  up  to  17  ounces  is  not  infrequent.  In 
hypertrophy  of  the  left  ventricle,  as  in  Bright's  disease,  the  weight  is 
frequently  over  20  ounces. 

In  GENERAL  HYPERTROPHY  the  general  shape  of  the  heart  is  not 
much  altered.  The  heart  is  enlarged  in  all  its  parts,  the  ventricles  and 
auricles  are  increased  in  capacity,  and  their  walls  are  thickened.  The 
heart  is  like  that  of  a  bullock  in  size,  so  that  the  name  cor  boms  is  often 
applied  to  it. 

When  the  right  ventricle  is  mainly  affected,  the  heart  assumes  a 
somewhat  quadrilateral  form  (see  Fig.  157).  On  examining  the  normal 
heart  as  it  lies  on  its  posterior  surface,  after  removal  from  the  body,  the 
right  ventricle  is  seen  to  occupy  the  greater  part  of  the  anterior  aspect. 
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The  position  of  the  septum,  as  shown  in  the  accompanying  figure,  is 
slightly  to  the  right  of  the  left  border,  and  it  reaches  the  apex  i-egioii 
slightly  to  the  right  of  the  true  apex.  In  the  heart  the  position  of  the 
septum  is  always  indicated  on  the  surface  hy  the  coronary  artery  which, 
with  its  padding  of  fat,  occupies  a  groove  corresponding  with  the  anterior 
Iwrder  of  the  septum.  In  hypertrophy  of  the  right  ventricle,  as  shown 
hy  the  dotted  line  in  the  figure,  the  apex  is  unduly  ol)tuse,  and  it  is 
often  difficult  to  determine  what  is  its  exact  seat.  The  septum  is  nearer 
the  left  border  than  usual,  and  it  reaches  the  apex  region  rather  to  the 
left  than  the  right  of  the  most  projecting  point.  The  right  ventricle 
also  monopolizes  the  anterior  aspect  of  the  heart  still  more  than  in  the 


Fig.  157. — Hsrpertropliy  of  right  ventricle. 
The  alteration  in  shape  is  indicated  by  the  dot- 
ted line;  o,  superior  vena  cava;  Ij,  aorta;  c, 
conns  arteriosus;  d,  right  auricle;  e,  left  auricle  ; 
/;  left  ventricle.  (Rindfleisch.) 


Fig.  158. -  Hji^ertrophy  of  left  ventricle.  The 
alteration  in  shape  indicated  by  dotted  line; 
the  hji^ei-troijhied  ventricle.  (Rindfleisch.) 


normal  condition.  When  the  heart  is  laid  open,  the  undue  thickness  of 
the  right  ventricle,  as  well  as  the  enlargement  of  its  cavity,  liecomes 
apparent. 

In  HYPERTROPHY  OF  THE  LEFT  VENTRICLE  the  relations  are  very  dif- 
ferent, as  shown  in  Fig.  158.  The  heart  as  a  whole  is  more  elongated 
and  pointed  than  normal,  and  this  is  often  very  striking.  The  apex 
part  especially  appears  greatly  prolonged.  When  the  heart  is  AieAved 
on  its  anterior  aspect  the  septum  is  seen  to  lie  more  to  the  right,  and 
the  true  apex  is  much  further  to  the  left  of  the  point  at  which  the 
septum  reaches  the  apex  region.  On  laying  open  the  heart,  the  thicken- 
ing of  the  wall  of  the  left  ventricle  is  very  obvious,  and  the  septum  is 
often  greatly  thickened.  The  septum  belongs  partly  to  the  left  and 
partly  to  the  right  ventricle,  but  as  the  left  ventricle  is  much  thicker  than 
the  ric'ht  the  septum  belongs  more  to  the  left.    It  will  partake,  in  the 
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hj'pertrophy  of  either  ventricle,  and,  in  the  case  we  are  considering, 
the  thickening  is  often  very  striking.  The  thickened  septum  frequently 
bulges  into  the  right  ventricle,  sometimes  diminishing  its  capacity  greatly, 
and  even  producing  actual  ol)struction  of  the  conus  arteriosus. 

The  hypertrophied  heart  often  presents  a  peculiarly  firm  condition  of 
its  wall,  and  this  has  been  ascribed  by  Sir  William  Jenner  {Med.  Chir. 
Trans.,  1860,  p.  199)  to  a  passive  congestion  of  the  heart.  Cases 
of  cardiac  hyi3ertrophy  are  very  frequently  such  (as  in  the  more  common 
forms  of  valvular  disease)  as  to  lead  to  a  general  venous  engorgement, 
in  which  the  heart  itself,  being  related  to  the  general  venous  system, 
partakes.  Now,  prolonged  venous  hypersemia  produces  in  organs, 
as  we  have  seen  already,  a  certain  hj^pertrophy  and  increased  density  of 
the  connective  tissue.  Some  part  of  the  hypertrophy  in  such  cases  may 
even  be  due  to  increase  of  the  interstitial  connective  tissue.  Hence  the 
result  is  that  the  walls  of  the  heart  are  more  rigid  than  normal,  and 
Avhen  the  cavities  are  laid  open  they  do  not  collapse,  l)ut  stand  out  with 
their  outline  retained,  the  walls  ha^dng  a  tough  leathery  charactei'.  The 
muscular  substance  also  is  frequently  of  a  very  red  colour,  this  being 
largely  due  to  the  excess  of  blood  in  the  vessels. 

FATTY  INFILTRATION  OF  THE  HEART. 

The  normal  heart  is  well  known  to  present  on  its  surface  a  certain 
amount  of  adipose  tissue.  This  fat  is  beneath  the  pericardium,  lying 
lietween  it  and  the  muscular  substance  of  the  wall.  It  is  normally 
most  abundant  along  the  course  of  the  coronary  arteries,  along  the  in- 
ferior border  of  the  right  ventricle,  at  the  apex  and  at  the  origins  of  the 
great  vessels.  In  different  individuals  the  amount  of  the  adipose  tissue 
and  the  extent  to  which  it  covers  the  muscular  substance  so  as  to  con- 
ceal it  from  view,  vary  greatly,  but  it  may  be  said  generally  that  a 
considerable  part  of  the  surface  of  the  right  ventricle  and  the  greatei-  ' 
part  of  that  of  the  left  are  usually  free  of  fat.  Sometimes  this  fat 
increases  greatly,  both  in  superficial  area  and  in  thickness.  We 
know  that  adipose  tissue  in  any  part  of  the  body  is  formed  out  of  loose 
connective  tissue  by  the  infiltration  of  fat  into  its  cells,  and  so  the  sub- 
pericardial  connective  tissue  may  become  extensively  converted  into 
adipose  tissue.  In  this  way  the  entire  right  ventricle  may  be  covered 
while  a  portion  of  the  left  is  still  free ;  or,  the  whole  heart  may  be 
coated  with  a  thick  mantle  of  fat. 
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The  conversion  does  not  always  confine  itself  to  the  pericardium, 
but  frequently  extends  into  the  connective  tissue  in  the  proper  mus- 
cular wall  of  the  heart,  lying  between  the  muscular  fasciculi.  In  such 
cases  if  we  make  a  section  of  the  ventricle  we  find  streaks  of  adipose 
tissue  extending  in  from  the  surface.  In  this  way  the  superficial  layers 
of  the  muscular  wall  may  be  largely  replaced  by  adipose  tissue,  which 
may  even  appear  in  isolated  patches  immediately  beneath  the  endocar- 
dium. Normally  there  is  more  fat  on  the  surface  of  the  right  ventricle 
than  on  that  of  the  left,  and  here  also  the  pathological  increase  occurs 
to  the  greatest  extent.  It  is  not  uncommon  to  find  the  proper  muscular 
substance  of  the  right  ventricle  largely  replaced  by  adipose  tissue,  only 
a  thin  layer  of  red  muscle  appearing  inside  the  thick  layer  of 
fat.  Of  course,  in  this  case,  there  is  great  loss  of  the  muscular  power 
of  the  heart;  the  right  ventricle  is  much  more  liable  to  this  than 
the  left. 

In  some  cases  the  increase  of  the  external  fat  is  merely  part  of  a 
general  obesity,  in  which  the  fat  in  all  its  various  localities  throughout 
the  body  takes  part.  But  sometimes  its  significance  is  much  more 
serious,  and  this  applies  especially  to  the  cases  in  which  adipose  tissue 
forms  between  the  muscular  bundles.  The  space  occuj)ied  by  the  fat 
must  be  obtained  at  the  expense  of  the  proper  muscular  substance,  and 
the  question  arises  whether  the  atrophy  of  the  muscle  is  the  primary 
condition  or  the  fatty  infiltration.  We  are  to  take  into  consideration 
the  fact  that  a  fatty  infiltration  of  an  exactly  similar  character  occurs, 
as  we  have  already  seen,  in  voluntary  muscle,  and  is  there  associated 
with  loss  of  function  of  the  muscle.  The  muscle  may  have  lost  its 
function  by  fixation  of  the  joints  which  it  has  to  move,  or  by  reason  of 
paralysis  of  a  nervous  origin.  In  either  case  the  loss  of  function  is  the 
primary  condition  and  the  fatty  infiltration  is  secondary.  And  so  in 
the  case  of  the  heart,  we  meet  with  fatty  infiltration  in  cases  where 
there  is  no  general  obesity,  often  in  old  debilitated  persons,  or  even 
in  those  who  have  been  subject  to  some  emaciating  disease  such  as 
cancer.  In  that  case  we  may  infer  that  the  weakening  and  atroph}"  of 
the  muscle  has  been  primary  and  the  infiltration  of  fat  secondary. 

FATTY  DEGENEEATION. 

From  our  former  study  of  fatty  degeneration  as  a  whole,  it  will 
be  understood  that  there  is  here  meant  an  actual  transformation 
of  the  muscular  substance.    This  condition  is  of  exceedingly  frequent 
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occurrence  in  the  heart,  especially  in  its  minor  degrees.  Any  disease 
which  causes  a  serious  deterioration  of  the  blood  •svill  produce  it,  and 
it  is  seen  in  its  most  pronounced  form  in  the  various  kinds  of  anaemia, 
in  leuksemia,  and  in  the  acute  fevers.  It  is  also  brought  about  in  a  ver}' 
pronounced  form  in  poisoning  by  phosphorus  and  arsenic.  In  a  minor 
degree  it  is  seen  in  debilitating  diseases,  and  is  often  the  more  imme- 
diate cause  of  death  in  hypertrophy  of  the  heart. 

It  is  remarkable  that,  though  the  determining  cause  is  a  deteriorated 
state  of  the  blood,  yet  the  fatty  degeneration  frequently  shows  itself  in 
patches,  so  that  the  muscular  tissue  is  seen  to  be,  as  it  were,  flecked 
with,  pale  spots  or  streaks.  This  is  best  seen  on  examining  the  mus- 
cular tissue  from  within,  as  the  endocardium  generally  produces  but 
little  obscuration  of  these  markings,  and  they  are  most  abundant  in  the 
inner  layers  of  the  muscular  substance.  This  flecked  ajDpearance  is  not 
always  present,  and  it  would  be  a  mistake  to  infer  the  absence  of  fatt}' 
degeneration  from  its  absence.  The  heart  again  is  generall}^  flabb}-, 
friable,  and  pale  in  colour,  but  a  very  flabby  heart  may  be  A^ery  little 
fatty,  and  fatty  degeneration  may  coexist  with  a  comparatively  firm 
muscular  tissue.  Microscopic  examination  should  therefore  always  be 
resorted  to. 

Under  the  microscope  in  those  cases  in  which  the  degeneration  is  in 
patches,  the  transparent  muscular  tissue  is  seen  with  a  low  power  to  be 


Fig.  150.— Fatty  degeneration  of  the  heart.  The  occuiTence  of  the  lesion 
in  patches  is  indicated  by  tlie  dark  appearance  of  the  fibres,    x  00. 


interrupted  by  opaque  patches,  as  in  Fig.  159.  The  general  outline 
of  the  muscular  cyHnders  is  preserved,  but  they  are  evidently  replaced 
l)y  some  foreign  material.  Under  a  high  power,  as  in  Fig.  160,  the 
individual  fat  drops  become  apparent.  These  fat  granules  are  fre- 
([uently  seen  to  be  in  rows,  representing  the  original  muscular  fibrilla?, 
and  the  contractile  substance  is  obviously  lost  or  converted  into  oil. 
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In  minor  degr-ces  the  degeneration  is,  as  a  rule,  more  uniformly  di.s- 
triLuted  in  the  muscular  sul)stance,  and  we  can  see  that  the  fat  granules 

generally  apjjear  first  in 
the  neighbourhood  of  the 
nuclei  of  the  muscular 
fibres,  forming  elongated 
collections  extending  from 
either  pole  of  the  nucleus. 
It  is  clear  that  muscu- 

Fig.  1(;0.— Fatty  degcueratiou  of  tbe  heart.  A  single  fibre  lar  fibl'es  wllich  haVC  UU- 
witli  oil  drops  iji  it,  as  seen  in  the  fresh  state,    x  3,50.  ■■  ,  . 

tlergone  this  transforma- 
tion in  its  extreme  form,  are  incapable  of  recovering  their  original 
condition.  The  sarcous  substance  has  undergone  transformation.  It  is 
to  be  inferred,  therefore,  that  when  such  a  heart  recovers  there  is  an 
absorption  of  the  fat  and  an  actual  new-formation  of  muscular  tissue. 
This  process  must  be  a  comparatively  frequent  one  when  Ave  consider 
how  common  fatty  degeneration  is  in  severe  anaemias  and  in  acute 
fevers.  The  fatty  heart  is  usually  a  dilated  one,  even  where  there  is 
no  dilatation  to  begin  Avith.  On  recovery  the  ventricles  will  resume  their 
former  dimensions. 


CALCAEEOUS  INFILTEATION  OF  THE  MUSCULAR  SUBSTANCE 

OF  THE  HEAET. 

In  this  place  we  have  to  consider  calcareous  impregnation  of  the  mus- 
cular substance  of  the  heart,  which  is  a  somewhat  rare  occurrence.  But  it 
is  necessary,  in  the  first  place,  to  refer  to  certain  other  forms  of  calcareous 
impregnation  in  order  to  clear  the  ground  for  that  more  immediately 
before  us.  In  connection  with  pericarditis  it  is  not  ver}'^  uncommon 
to  meet  with  calcareous  infiltration  of  old  fibrine  or  dried-in  j)us 
which  may  remain  on  the  surface.  Again,  where  in  the  pericardium 
there  has  been  great  new-formation  of  dense  connectiA'e  tissue  from 
prolonged  pericarditis,  lime  salts  may  be  deposited  in  the  hard  tissue. 
In  this  way  we  may  have  the  heart  almost  enclosed  in  a  firm  shell. 
But,  further,  in  the  muscular  substance,  old  connective  tissue  ma}' 
calcify,  or  an  abscess  may  dry-in  and  become  impregnated  with  lime 
salts.  In  this  Avay  Ave  may  have  stony  masses  developed  in  the  mus- 
cular Avail,  these  being  actually  in  the  connective  tissue  of  the  Avall. 

But  there  is  a  true  calcareous  infiltration  of  the  nuiscular  tissue,  and 
although  recorded  cases  are  fcAv,  the  author  is  ahle  to  refer  to  two 
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cases  in  which  he  has  met  with  it,  the  condition,  however,  being  some- 
what different  in  each.  In  the  one  there  were  pale  patches  seen  with 
the  naked  eye  in  the  muscular  substance,  somewhat  like  those  of  fatty 
degeneration,  but  larger  and  situated  in  the  superficial  layers  just  under 
the  pericardium.  These  patches  had,  even  to  the  naked  eye,  a  streaked 
appearance,  the  streaks  following  the  direction  of  the  muscular  fibres 
and  indicating  that  the  condition  affected  the  muscular  substance.  On 
cutting  into  the  patches  a  gritty  feeling  was  experienced,  and  under 
the  microscope  the  ap- 
pearances seen  in  the 
Figure  161  Avere  seen. 
The  muscular  fibres 
were  converted  into 
solid  cylinders  which 
had  a  markedly  crystal- 
line appearance.  Many 

Fig.  Kil. — Calcareous  infiltration  of  the  muscular  tissiie  of  the 
of  the  cylinders  were  heart.  The  branching  muscular  cylinders  are  shown  in  a  petri- 
.  fied  condition  with  transverse  fractm-es.  From  a  caseof  pyjemia. 

fractured   transversely,  x  350. 

On  adding  hydrochloric  acid  to  these  patches,  there  was  an  abun- 
dant evolution  of  gas  and  a  solution  of  the  lime  salts.  After  the 
lime  salts  were  dissolved  the  muscular  fibres  were  restored  so  far 
as  their  outline  was  concerned,  but  their  transverse  striae  were  gone. 
The  case  in  which  this  occurred  was  one  of  pyaemia,  and  it  is  probable 
that  the  arteries  in  connection  with  these  patches  had  been  obstructed, 
causing  a  necrosis  of  the  portion 
of  tissue  which  subsequently  be- 
came impregnated  with  lime  salts. 

In  the  other  case  the  condition 
was  very  different.  A  certain 
portion  of  the  muscular  substance 
of  the  left  ventricle  was  found  of 
a  pale  colour  suggesting  fatty  de- 
generation, but  the  colour  was 
continuous,  and  it  was  the  exter- 
nal layers  that  were  affected, 
and  that 

apex.  On  microscopic  examina- 
tion the  muscular  fibres  were  found  clouded  with  fine  granules'  not 
unlike  fat  granules  (Fig.  162).  The  granules,  however,  were  dissolved 
by  hydrochloric  acid,  but  without  evolution  of  gas.    Koster  has  met 


TnaiTili;-  +n-«rQi-rlc.  tV>£i  ,  ^^Jg-  1*^-;— Calcareous  mfiltration  of  the  muscu- 
mamiy    towards    the  lar  fibre  of  the  heart.    Fine  granules  occupy  the 

muscular  fibres,    x  ,300. 
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with  a  somewhat  similar  case,  and  he  believes  that  the  salt  here  is,  in 
part  at  least,  sulphate  of  lime.  In  this  case  the  true  pathology  of  the 
condition  was  obscure. 

INJUEIES  AND  EUPTUEE  OF  THE  HEAET. 

Wounds  of  the  heart  are  not  by  any  means  necessarily  fatal,  al- 
though, of  course,  commonly  so.  A  needle  or  similar  small  instrument 
may  be  passed  into  it  without  obvious  injury.  In  most  cases  of  pene- 
trating wound  of  the  heart  there  will  be  fatal  haemorrhage,  l)ut  such 
wounds,  especially  if  they  do  not  divide  the  muscular  fibres  transversely, 
may  heal,  and  be  finally  closed  by  connective  tissue.  There  are  even 
cases  in  which  the  point  of  a  knife  or  a  rifle  ball  has  lodged  in  the 
heart  and  become  surrounded  by  a  connective  tissue  capsule. 

Spontaneous  rupture  of  the  heart  is  of  very  rare  occurrence,  and  the 
conditions  which  bring  it  about  are  by  no  means  clear.  It  is  natural 
to  suppose  that  fatty  degeneration,  especially  when  associated  with  a 
lesion  which  increases  the  blood-pressure  in  the  heart,  as,  for  example, 
stenosis  of  the  aortic  orifice,  will  be  the  most  frequent  cause,  but  it  is 
by  no  means  fully  proved  that  fatty  degeneration  is  always  present. 
The  rupture  mostly  occurs  in  the  left  ventricle  and  near  the  apex  or 
towards  the  aortic  orifice.  There  is  usually  a  large  escape  of  blood  into 
the  sac  of  the  pericardium,  and  the  patient  dies  rapidly. 

Rupture  of  the  heart  may  be  the  consequence  of  the  bursting  of  an 
aneurism  of  the  heart,  but,  as  this  subject  comes  up  for  consideration 
afterwards  it  will  not  be  further  dwelt  on  here. 

MYOCAEDITIS. 

It  is  to  be  understood  that  here  we  include  inflammations  occurrinsj; 
in  the  muscular  substance  of  the  heart,  although  not  necessaril}' 
originating  in  the  muscular  tissue  proper.  It  is  doubtful  whether 
a  true  inflammation  of  the  muscular  tissue  of  the  heart  occurs,  a  true 
parenchymatous  myocarditis.  Eindfleisch  describes  a  case  in  which 
he  supposes  that  this  condition  was  the  cause  of  sudden  death. 
He  found  the  muscular  substance  of  a  pale  violet  colour  and  with 
ecchymoses  under  the  pericardium  and  endocardium.  Under  the 
microscope  the  muscular  fibres  jDresented  a  granular  appearance,  especi- 
ally around  the  nuclei.  We  can  well  understand  that  an  inflammation 
affecting  the  proper  muscular  fibre  Avill  destroy  its  function,  and  in  the 
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case  of  the  heart  cause  death  ahnost  immediately.  The  designation 
INTERSTITIAL  MYOCARDITIS  is  applied  to  inflammations  which  occur  in 
the  muscular  substance  but  aff"ect  the  interstitial  connective  tissue. 
These  inflammations  are  mostly  secondary,  and  are  chiefly  due  either  to 
propagation  from  the  endocardium  or  pericardium,  or  to  septic 
embolism. 

-In  the  course  of  acute  endocarditis  the  inflammation  may  spread 
into  the  muscular  substance,  causing,  it  may  be,  softening  of  it.  This 
is  particularly  the  case  with  ulcerative  endocarditis,  to  be  afterwards 
described.  In  this  disease  virulent  bacteria  are  present  in  the  endocar- 
dium, and  these  may  invade  the  muscular  substance  causing  a  suppura- 
tive inflammation  of  it,  or  a  kind  of  abscess.  As  we  shall  afterwards 
see,  "there  may  in  ulcerative  endocarditis  be  abscesses  in  the  substance 
of  the  heart  from  another  cause.  Again,  chronic  endocarditis  not  in- 
frequently extends  to  the  muscular  substance.  Like  other  forms  of 
chronic  inflammation,  this  is  associated  with  great  new-formation  of 
connective  tissue.  For  the  most  part  it  is  the  valvular  structures  which 
are  involved,  and  they,  as  we  shall  afterwards  see,  are  greatly  thick- 
ened, but  the  inflammation  frequently  extends  beyond  the  immediate 
valvular  structures.  This  is  most  frequently  seen  in  the  case  of  the 
mitral  valve.  Here,  along  with  thickening  of  the  chordse  tendinese,  we 
often  see  a  partial  conversion  of  the  musculi  papillares  into  dense  fibrous 
tissue,  in  fact  an  interstitial  inflammation  with  destruction  of  the  mus- 
cular tissue.  The  muscular  substance  is  not  so  immediately  continuous 
■with  the  aortic  valve,  but  we  sometimes  see,  just  beneath  the  valve,  a 
tendon-like  thickening  of  the  endocardium  with  extension  to  the  muscular 
tissue  beneath.  But  chronic  endocarditis  sometimes  attacks  the  endo- 
cardium at  a  distance  from  the  valves,  and  in  that  case  it  is  very  liable 
to  extend  to  the  muscular  substance.  This  form  occurs  perhaps  most 
frequently  towards  the  apex  of  the  left  ventricle,  where  a  considerable 
area  may  be  converted  into  dense  connective  tissue.  By  the  distention 
of  this  altered  wall  of  the  heart  aneurisms  of  the  heart  may  take 
origin. 

There  has  recently  been  described,  especially  by  Fagge  and 
Charlewood  Turner,  a  more  independent  fibroid  myocarditis.  This  may 
occur  in  patches,  so  that  there  are  tendinous  areas  in  the  muscular 
substance  in  the  midst  of  which  the  muscular  fibres  may  be  calcareous. 
But  in  other  cases  it  is  generalized  so  that  a  condition  is  brought  about 
in  which  the  interstitial  connective  tissue  is  greatly  increased,  and  the 
muscular  fibres  correspondingly  separated  from  each  other,  a  condition 
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corresponding  to  cirrhosis  of  the  liver  or  kidney.  In  the  locaHzed  fonn 
the  cause  is  probably  some  interference  with  the  circulation,  perhaps  an 
obstruction  of  the  coronary  arteries  by  atheroma  or  syphihs.  In  the 
more  generahzed  form  the  cause  must  be  one  which  affects  the  whole 
heart,  and  as  it  occurs  mostly  in  dilated  or  h5^pertrophied  hearts,  the 
strain  or  over-distention  may  have  to  do  with  it.  The  hypertrophy  of 
the  left  ventricle  in  Bright's  disease  is  stated  to  be  associated  with  this 
fibroid  change,  but  the  author  has  failed  to  convince  himself  that  this  is 
the  case.  It  is  possible  that  in  some  obscure  cases  of  hypertrophy  and 
dilatation  of  the  heart  this  lesion  may  be  the  primary  one. 

Abscess  of  the  heart  is  a  form  of  inflammation  which  probably 
occurs  onl}^  by  the  transplantation  of  septic  material  in  pyaemia,  ulcerative 
endocarditis,  etc.  In  about  a  third  of  the  cases  of  pyaemia  there  are 
abscesses  in  the  heart.  In  connection  with  these  abscesses,  colonies  of 
micrococci  are  to  be  found  in  the  midst  of  the  jras  in  the  abscess  or  in 
the  fine  arteries  and  capillaries.  These  metastatic  abscesses  first  appear 
as  small  pale  yellow  spots  or  streaks  which  rapidly  soften  and  enlarge. 
The  abscesses  contain  a  brownish  material  composed  of  pus  and  the 
debris  of  muscular  fibre.  They  are  usually  elongated  in  shape,  and. 
while  numerous,  are  individuall}^  of  small  size.  If  situated  near  the 
surface,  they  may  burst  into  the  pericardium,  producing  a  septic  peri- 
carditis, but  even  without  actual  rupture  they  may,  apparentlj^  by  irri 
fating  material  passing  from  them,  give  rise  to  pericarditis.  When  situ- 
ated near  the  internal  surface,  they  may  communicate  with  one  of  the 
cavities,  and  it  is  said  that  an  aneurism  of  the  heart  may  occur  in  this 
way,  and  may  even  lead  to  rupture  of  the  heart. 

It  will  be  understood  that  these  abscesses  rarely  have  the  opportunit}- 
of  healing,  as  the  patient  dies  from  the  general  disease,  but  it  is  asserted 
that  survival  may  occur,  and  the  abscess  dry-in  to  a  caseous  mass  which 
may  afterwards  calcify. 

ENDOCAEDITIS. 

It  will  be  necessary,  in  considering  the  subject  of  inflammation  of 
the  endocardium,  to  subdivide  it.  We  shall  consider  in  the  first  place 
simple  acute  endocarditis,  then  chronic  endocarditis,  and  lastly  the  special 
form,  ulcerative  endocarditis. 

{a)  Simple  acute  endocarditis  is,  in  the  great  majority  of  cases, 
related  to  acute  rheumatism,  and,  according  to  Bamberger,  it  occurs  in 
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20  per  cent,  of  the  cases  of  that  disease.  Whatever  view  we  take  of  the 
origin  and  nature  of  acute  articular  rheumatism,  it  must  be  admitted 
that  in  it  the  blood  is  in  some  way  altered.  The  blood  is  in  itself  of  an 
unusually  irritating  nature,  or  else  it  carries  an  irritant.  The  occur- 
rence of  acute  inflammations  in  several  joints  often  removed  consider- 
ably from  one  another,  and  the  frequent  supervention  of  inflammation 
in  the  pericardium  and  endocardium,  are  sufficient  evidence  of  this.  The 
irritant,  whatever  be  its  nature,  seems  to  act  specially  on  connective 
tissue  membranes,  and  on  such  as  are  exposed  to  friction  of  their 
surfaces.  It  affects  the  joints  where  the  synovial  membranes  lie  against 
each  other  and  in  the  movements  of  the  joints  are  moved  on  one 
another.  It  attacks  the  pericardium  where  the  movements  of  the  heart 
cause  continuous  rubbing,  and  when  it  attacks  the  endocardium  it 
affects  exactly  the  localities  where  the  surfaces  come  in  contact.  It  is  as 
if  in  addition  to  the  irritant  in  the  blood,  the  mechanical  irritation 
of  friction  were  necessary  to  the  occurrence  of  inflammation,  and  it  may 
be  added  that  in  the  adult  the  inflammation  is  almost  limited  to  the 
valves  of  the  left  side  of  the  heart,  where  the  higher  tension  of  the 
blood  and  greater  force  of  the  heart  make  the  mechanical  force  of 
friction  greater  than  on  the  right  side.  We  shall  see  afterwards  how 
this  fact  bears  on  the  localization  of  the  endocarditis. 

The  most  characteristic  effects  produced  in  acute  endocarditis  are 
the  so-called  warty  vegetations,  which  are  irregular  projections  from  the 
surface  of  the  endocardium,  generally  of  small  size  and  somewhat 
shaggy  in  appearance.  On  their  first  occurrence  these  are  limited 
to  the  parts  of  the  valves  which  come  against  each  other  in  the  closure 
of  the  valves,  and  this  localization  continues  more  or  less  throughout. 
It  is  therefore  important  to  know  what  are  the  lines  of  contact  in  the 
aortic  and  mitral  valves,  because  it  is  there  chiefly  that  we  are  to  look 
for  these  endocarditic  vegetations. 

When  after  removal  of  the  heart  a  stream  of  water  is  sent  into  the 
aorta  cut  transversely  a  short  distance  above  the  valve,  we  can  look 
down  on  the  valve  closed  by  the  force  of  the  water.  It  will  then 
be  seen  that  the  curtains  are  not  in  contact  by  their  margins,  but  that 
the  line  of  contact  is  slightly  removed  from  their  edges,  and  a  certain 
portion  of  the  valve  floats  free  in  the  water,  taking  no  direct 
part  in  the  closure  of  the  orifice.  The  line  of  contact  is  nearest 
the  edge  of  the  curtain  at  the  middle  of  each  segment  or  the  corpus 
Arantii,  and  forms  on  either  side  of  this  a  curved  line  with  the 
convexity  downwards.    Between  the  line  of  contact  and  the  edge 
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of  the  curtain  the  valve  is  often  perforated,  and  it  may  even,  as  we  have 
seen  before  (p.  306,  Fig.  156),  he  partially  resolved  into  tendinous  cords, 
without  interfering  with  the  closure  of  the'  valve.  It  is  by  the  modi- 
fication of  this  portion  that  we  may  have  the  aortic  vah'e  showing  ap- 
proaches to  the-  construction  of  a  cuspid  \  alve,  as  seen  in  considering 
malformations  of  the  heart. 

In  the  mitral  valve  the  line  of  contact  is  also  removed  from  the 
edges  of  the  curtains.  In  the  case  of  the  aortic  valve  the  line  of  contact 
is  of  course  on  the  ventricular  side  of  the  curtains,  l)ut  in  the  mitral  it  is 
on  the  auricular  side,  and  in  order  to  see  the  vegetation  in  acute  endo- 
carditis it  is  usually  necessary  to  examine  the  orifice  by  looking  in  from 
the  auricle.  Acute  endocai'ditis  of  the  mitral  often  escapes  notice  from 
this  not  being  done. 

In  acute  endocarditis  the  warty  vegetations  frequently  demarcate 
very  accurately  the  lines  of  contact  of  the  aortic  and  mitral  valves,  and 
the  appearances  produced  in  the  former  case  are  indicated  in  Fig. 


Pig.  163. — The  aortic  valve  in  acute  endocarditis.  The  wai'ty 
vegetations,  occupying  the  lines  of  contact,  are  shown. 


When  the  inflammation  extends  to  the  valves  of  the  right  side,  the 
same  principles  appl}%  In  the  case  of  the  pulmonary  valve  the  vegeta- 
tions appear  along  the  line  of  contact  on  the  ventricular  aspect  of  the 
curtains,  and  in  the  tricuspid  they  are  to  be  seen  by  looking  down 
through  the  auricle. 

We  now  turn  to  the  consideration  of  the  actual  changes  and  the 
structure  of  these  warty  vegetations.  The  inflammation  aff"ccting  the 
connective  tissue  of  the  valve  leads  to  formation  of  round  cells  or  granu- 
lation tissue.  The  structures  by  this  change  are  increased  in  bulk  ajid 
rendered  more  friable,  and  in  this  way  irregular  projections  are  pro- 
duced.   But  the  warty  projections  are  not  formed  entire!}'  or  even 
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chiefly  by  the  granulation  tissue.  The  blood  deposits  fibrine  on  the 
inflamed  irregular  surface,  and  this  covers  up  the  granulation  tissue  and 
forms  the  principal  part  of  the  warty  vegetations.  Several  authors 
have  described  micrococci  as  occurring  in  these  vegetations,  chiefly 
Klebs,  Koster,  and  Osier,  and  some  are  inclined  to  associate  these 
organisms  with  the  essential  pathology  of  acute  rheumatism.  But 
these  micrococci  are  not  of  the  virulent  sort  found  in  ulcerative 
endocarditis,  and  they  are  probably  of  subordinate  importance. 

The  occurrence  of  these  changes  in  the  tissue  renders  it  unduly 
brittle,  and  it  is  not  surprising  to  find  that  bits  of  the  vegetations  are 
frequently  broken  off  and  carried  by  the  arteries  to  distant  parts, 
to  produce  embolism  there.  These  broken-ofF  pieces  are  mostly  small, 
xmd,  beyond  the  ordinary  phenomena  of  embolism jn  small  arteries  and 
■capillaries,  they  do  not  by  their  own  nature  produce  much  disturbance, 
in  this  respect  contrasting  with  the  emboli  of  ulcerative  endocarditis. 
There  is  not  usually  any  serious  loss  of  substance  of  the  valvular  struc- 
tures, l)ut  the  softening  of  the  tissue  not  uncommonly  leads  to  the 
formation  of  valvular  aneurisms,  which  we  shall  consider  more  fully 
further  on. 

{b)  Chronic  endocarditis  commonly  follows  on  the  acute  form,  and, 
like  it,  is  related  to  acute  rheumatism.  It  appears  as  if  the  irritation 
were  prolonged  in  a  less 
intense  form,  and  the 
changes  in  the  vahailar 
structures  extend  be- 
yond the  localities  which 
we  have  seen  to  be  main- 
ly affected  in  acute  endo- 
carditis. In  the  chronic 
form  there  is  a  great 
new -formation  of  con- 
nective tissue.  The 
granulation  tissue  of  the 
acute  stage  develops  into 
connective  tissue,  and 
the  process  extends  slow- 
ly to  the  remaining  structures  of  the  valves.  In  this  way  arise  great 
thickenings  of  the  valves  (Fig.  164),  and,  as  the  connective  tissue  is  of 
that  dense  nature  common  in  chronic  inflammations,  the  thickened  val- 


Fig.  liU.— Great  thickening  of  the  chorda}  tendineaj  of  tlie 
niiti-al  valve,  the  result  of  chronic  endocarditis. 
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vulav  structures  are  often  exceedingly  rigid.  The  new-formed  tissue  also 
contracts,  and  in  this  way  we  may  have  great  retractions  of  the  valves 
leading  to  serious  deformities,  as  we  shall  see  in  studying  valvulai- 
diseases.  Again,  it  frequently  happens  that  two  opposed  inflamed 
surfaces  coalesce,  and  we  may  have  still  further  deformity  from  this. 
We  have  already  seen  that  the  inflammation  may  extend  from  the 
endocardium  to  the  muscular  substance,  leading  to  cicatricial  trans- 
formation of  it. 

In  the  great  majority  of  cases,  the  endocarditis  is  limited  to,  or  has 
its  centre  in,  the  valvular  structures,  but  it  sometimes  happens  that  in 
other  parts  of  the  heart  an  apparently  independent  endocarditis  is  set 
up.  This  may  be  along  with  valvular  endocarditis,  but  separated  from 
it  by  sound  tissue,  or  it  may  be  without  any  valvular  lesion.  We  may 
find  an  isolated  patch  of  thickening  on  the  surface  of  the  left  ventricle, 
and  we  have  already  seen  that  the  disease  may  penetrate  into  the  mus- 
cular substance. 

The  thickened  and  rigid  connective  tissue  frequently  becomes  the 
seat  of  secondary  changes.  Fatty  degeneration  may  occur.  But  this  is 
much  less  frequent  than  calcareous  impregnation,  which  may  be  taken 
as  evidence  that  the  hard,  dense,  cicatricial  connective  tissue  has,  to  a 
great  extent,  lost  its  vitality.  This  condition  is  of  such  frequent  occur- 
rence that  it  may  be  regarded  as  the  normal  termination  of  chronic 
endocarditis.  It  sometimes  occurs  with  a  very  moderate  degree  of 
thickening,  and  its  extent  and  the  date  of  its  occurrence  are  doubtless 
determined  by  individual  peculiarities.  It  may  occur  in  the  form  of  a 
moderate  calcification  in  the  deeper  parts  of  the  thickened  tissue,  or  the 
lime  salts  may  be  deposited  in  a  more  bulky  form  so  as  to  give  the  feel- 
ing of  considerable  stony  masses.  This  occurrence  is  often  of  serious 
import.  The  valvular  structures  are  rendered  still  more  rigid,  and  there 
enters  the  new  element  of  brittleness.  The  calcified  portion  of  the 
valve  is  exposed  very  often  to  mechanical  violence  in  the  closure  of 
the  valve,  and  it  is  common  to  find  that  the  valve  has  been  broken 
and  a  piece  of  calcareous  matter  carried  off.  So  far  as  the  valve  is  con- 
cerned, this  is  not  usually  very  serious,  but  as  the  piece  carried  off  is 
usually  of  some  size,  the  resulting  embohsm  is  frequently  of  great 
consequence.  Embolism  of  the  cerebral  arteries  leading  to  extensive 
softening  is  much  more  frequent  in  chronic  than  in  acute  endocarditis, 
and  probably  the  same  applies  to  aneurisms  of  the  larger  cerebral  arteries, 
which,  as  we  shall  afterwards  see,  may  have  their  origin  in  embolism. 
Embolism  of  the  spleen  and  kidneys  is  also  a  frequent  result.  The 
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rough  surface  left  by  the  breaking-off  of  the  calcareous  piece  gets  coated 
with  flbrine,  and  here  again  it  is  said  that  micro-organisms  may  be 
present.  The  fibrine  may,  by  getting  detached,  form  a  fresh  source  of 
embolism. 

Besides  the  form  of  chronic  endocarditis  hitherto  considered,  which 
is  the  most  frequent  and  most  important  in  its  results,  there  is  a  form 
which  deserves  some  notice.  This  form  is  closely  alHed  to  the  disease 
of  arteries  commonly  designated  atheroma,  and  it  occurs  most  fre- 
quently in  the  aortic  valve,  being  here  continuous  with  atheroma  of  that 
vessel.  In  its  causation,  therefore,  it  has  nothing  to  do  with  rheuma- 
tism, but  is  rather  related  to  the  degenerative  tendencies  of  old  age.  It 
produces  thickenings  and  indurations  of  the  endocardium,  with  fatty 
and  calcareous  changes  just  as  in  ordinary  endocarditis,  but  the  processes 
are  more  chronic,  and  produce  less  considerable  deformity  of  the  val- 
vidar  structures,  although  from  calcareous  deposition  there  may  be  great 
rigidity. 

Besides  this,  and  still  more  removed  from  inflammatory  processes,  we 
sometimes  have  simply  OPAQUE  patches  on  the  valves  with  very  little 
thickening.  In  this  case  there  is  little  more  than  a  fatty  degeneration 
of  the  endocardium.  Such  patches  are  not  uncommon  on  the  mitral 
valve,  and  are  often  erroneously  regarded  as  due  to  endocarditis. 

(c)  Ulcerative  endocarditis,  also  called  malignant  and  diphtheritic 
endocarditis,  is  regarded  by  some  as  merely  a  form  of  acute  endocarditis, 
but  it  presents  such  differences  that  it  seems  necessary  to  place  it  in  a 
class  by  itself.  The  special  features  in  the  disease  are  the  activity  of 
the  destructive  process  in  the  heart,  its  connection  with  the  existence  of 
micrococci,  and  the  virulence  of  the  metastatic  processes  when  emboli 
are  carried  to  distant  parts. 

In  its  local  manifestations  this  form  presents  some  resemblance  to 
simple  acute  endocarditis.  The  disease  affects,  usually,  the  valvular 
structures,  and  produces  an  enlargement  and  roughening  of  them.  But 
there  is  not  the  same  localization  along  the  lines  of  contact,  the  process 
generally  developing  in  a  defined  area,  and  sometimes  removed  from 
the  valve.  Again,  the  disease,  as  the  name  implies,  is  a  much  more 
destructive  one,  the  parts  concerned  breaking  down  more  readily.  In 
this  way  perforation  or  aneurism  of  the  valve  may  occur.  Sometimes 
an  actual  suppuration  manifests  itself  in  the  valvular  structures,  but  the 
frequent  passage  of  the  blood  prevents  any  considerable  accumulation 
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of  pus.  The  ulceration  sometimes  passes  to  the  muscular  wall  of  the 
heart,  especially  when  the  patch  of  ulceration  is  away  from  the  valves. 
The  destructive  process  spreads  rapidly  in  the  myocardium,  and  a  dis- 
tinct abscess  may  be  the  result.  In  this  way  also  an  acute  aneurism  of 
the  heart  may  supervene. 

In  their  more  intimate  characters,  also,  the  conditions  in  ulcerative 
3ndocarditis  differ  from  those  in  the  ordinary  simple  form.  As  the 
accompanying  figure  shows,  there  is  a  very  marked  infiltration  of  the 
valvular  structures  with  round  cells,  almost  a  suppurative  condition. 


Fig.  ]  65. — Portion  of  valve  in  ulcerative  endocarditis.  «,  fibriue  vrith  colonies  of  micrococci; 
the  colonies  are  indicated  by  the  roundish  clumps  ;  b,  endocardium  becoming  raised  by  in- 
flammatory infiltration  ;  c,  elastic  layer  of  endocardium  ;  c,  round  cells  infiltrating  endocaj-- 
dium,  at  d,  passing  into  superficial  layer  of  fibrine  and  micrococci,    x  22. 


This  is  immediately  overlaid  by  a  fibrinous  coagulum,  as  in  the  case 
of  simple  endocarditis,  but  mixed  with  the  fibrine  there  are  colonies  of 
micrococci  which  give  quite  a  striking  character  to  the  layer.  The 
appearances  in  distant  parts  are  evidence  that  j)ieces  are  frequently  carried 
off  from  the  valves,  and  looking  to  the  soft  character  of  the  superficial 
parts  we  are  not  surprised  at  the  occurrence  of  multiple  embolism. 

Perhaps  the  most  striking  feature  in  this  disease  is  the  occurrence  of 
metastatic  abscesses  in  distant  parts.  These  are  found  in  the  heart 
itself,  in  the  spleen,  in  the  kidneys,  in  the  skin,  etc.  They  are  every- 
where of  small  size,  and  usually  in  large  numbers.  These  abscesses  are 
obviously  related  to  emboli  carried  off  from  the  endocardial  lesion,  and 
lodged  in  the  finer  arteries  or  capillaries.  The  accompanying  figure  re- 
presents a  small  artery  in  the  midst  of  an  inciiDient  abscess  in  the 
kidney.  It  is  seen  that  its  calibre  is  plugged  by  a  material  in  Avhich 
are  occasional  masses  of  micrococci.    At  the  distal  part  the  wall  of  the 
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artery  is  obscure,  apparently  from  necrosis,  and  the  vessel  is  buried  m 
an  enormous  aggregation  of  inflammation  cells.  The  peculiar  virulence 
of  this  process  is  surely  to  be  associated  with  the  presence  of  the  micro- 
cocci, yet  it  seems  to  be  not  the  micrococci  themselves,  but  rather  the 


Fig.  liHi.— From  the  kidney  in  ulcerative  endocarditis.  An  artery  is 
shown,  plugged  with  a  dark  material  containing  micrococci.  Arovmd 
these  are  myriads  of  leucocytes  which  are  infiltrating  the  necrosed  waU 
of  the  vessel  and  the  kidney  tissue  around,    x  90. 

chemical  products  evolved  by  them,  which  set  up  the  intense  inflamma- 
tion. For,  in  the  illustration  given,  the  micrococci  are  confined  to  the 
calibre  of  the  artery,  yet  there  is  necrosis  of  the  wall,  and  an  intense 
inflammation  around.  Then,  again,  the  micrococci  are  frequent  in  the 
capillaries  and  Malpighian  vessels,  but  not  generally  with  obvious  in- 
flammation ;  apparently  they  are  in  that  case  of  recent  development, 
possibly  to  some  extent  post  mortem,  and  their  products  have  not  had 
time  to  produce  inflammation. 

A  very  important  question  remains  for  consideration,  namely,  the 
origin  of  the  micrococci  which  give  such  special  characters  to  the  disease. 
The  disease  has  been  observed  to  occur  in  the  course  of  a  number 
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Of  acute  febrile  aflections.  It  is  met  with  in  pyemia,  puerperal  fever 
acute  rheumatism,  small-pox,  etc.,  and  Osier  has  recently  pointed  out 
that  in  a  large  proportion  of  cases  acute  pneumonia  has  been  the  primary 
disease  There  are,  however,  cases  in  which  no  definite  connection  with 
any  other  disease  can  be  traced.  In  the  case  of  pyemia  and  puerperal 
tever  the  source  of  the  micro-organisms  is  not  far  to  seek.  For  the  rest 
we  are  hardly  warranted  in  going  further  than  merely  calling  atten- 
tion to  the  occasional  association  of  this  apparently  septic  disease  with 
these  specific  febrile  conditions.  It  may  be  added  that  the  micrococci 
removed  from  the  valvular  lesion  soon  after  death  have  been  found 
capable  of  propagation  in  the  tissues  of  hving  animals,  where  they 
produce  intense  infiammation.  Inoculated  into  the  cornea  of  a  rabbit 
they  produced  panophthalmitis  with  rapid  growth  of  the  organism. 

We  have  seen  that  the  micrococci  present,  locally,  an  intensely  irri- 
tating action,  and  that  necrosis  of  the  tissue  attacked  is  a  common 
result.  It  is  probable  that  they  also  produce  changes  in  the  constitution 
of  the  blood.  Patients  affected  with  this  disease  frequently  present, 
Hke  those  in  pyaemia,  a  yellow  colour  of  the  skin  approaching  to  that  of 
jaundice.  The  probable  explanation  of  this  is,  that  the  blood  corpuscles 
undergo  solution,  and  the  colouring  matter  stains  the  skin.  But,  besides 
that,  we  often  have  little  ecchymoses  of  the  skin,  and  small  hemor- 
rhages in  the  pia  mater,  and  even  in  the  brain  substance.  These 
have  been  found  associated  with  the  presence  of  colonies  of  micrococci 
in  the  capillaries,  and  are  to  be  ascribed  to  the  action  of  these  in 
weakening  the  wall,  and  allowing  escape  of  blood. 


PEEICAEDITIS. 

The  pericardium  is  comparable  in  its  anatomical  and  pathological  rela- 
tions to  the  serous  sacs,  and,  to  a  certain  extent,  to  the  synovial.  The 
pleura,  peritoneum,  and  pericardium  are  to  be  regarded,  as  we  previously 
found  in  studying  oedema  and  dropsy,  as  large  lymphatic  spaces.  These 
sacs  are  composed  of  connective  tissue,  and  lined  with  a  single  layer 
of  flat  endothelium.  By  means  of  numerous  stomata  they  are  in 
communication  with  the  lymphatic  vessels,  and  to  some  extent  with 
one  another.  The  pericardium  is  in  less  direct  communication  with. 
the  pleura  and  peritoneum  than  these  are  with  each  other,  but  b)' 
circuitous  routes  there  is  some  communication,  especially  with  the 
pleura.  It  is  to  be  remembered  also  that  through  each  serous  cavit}' 
there  is  a  certain  circulation  of  serous  fluid.     This  fluid  does  not 
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accumulate  in  the  sac,  because  it  is  carried  oft"  as  quickly  as  it  is  trans- 
aided  from  the  vessels,  but  if  the  transudation  increases  greatly  there 
.may  be  an  accumulation  and  consequent  dropsy. 

(fl.)  Acute  pericarditis.— In  considering  the  causes  of  this  disease  it 
is  of  some  consequence  to  note  that  the  inflammation  usually  affects  the 
iwhole  surface  at  once.  This  seems  to  indicate  that  an  irritant  has 
.iound  admission  to  the  pericardial  sac,  and  by  the  motions  of  the  heart 
and  the  natui^al  currents  of  the  fluid  in  the  sac,  has  been  carried  hither 
and  thither  throughout  it.  There  are  many  cases  in  which  the  tuber- 
cular virus  is  the  irritant ;  we  find  tubercles  mixed  up  with  the  inflam- 
matory products.  The  appearances  in  this  case,  however,  are  so 
peculiar,  and  the  course  of  the  disease  differs  to  such  an  extent  from  that 
in  ordinary  cases  that  it  will  be  proper  afterwards  to  refer  more  par- 
ticularly to  tubercular  pericarditis.  The  great  majority  of  cases  of 
pericarditis  are  associated  with  acute  rheumatism.  It  is  to  be  presumed 
that  the  irritant  here  is  the  same  as  that  which  produces  the  acute 
inflammation  of  the  joints  and  of  the  endocardium.  The  irritant  circulates 
in  the  blood,  but  we  do  not  know  its  nature  and  form,  nor  why  it 
settles  in  the  pericardium  and  synovial  sacs.  The  irritant,  whatever 
it  may  be,  having  been  conveyed  to  the  sac  by  the  blood  is  carried 
throughout  the  latter,  and  acts  on  its  whole  surface.  There  are  some 
cases  in  which  the  disease  appears  to  be  of  spontaneous  origin  ;  it  is 
ascribed  to  cold.  It  is  altogether  obscure  in  what  way  such  inflamma- 
tions are  brought  about. 

We  have  now  to  consider  the  phenomena  which  manifest  themselves 
at  the  onset  of  an  acute  pericarditis.  We  may  presume  that  the  irritant 
induces  the  changes  in  the  vessels  which  have  been  described  in  treating 
of  inflammation  in  general,  but  opportunities  are  wanting  for  observing 
the  consequent  redness,  as  patients  survive  this  early  stage.  Exudation 
from  the  vessels  soon  follows,  and  serous  fluid  begins  to  accumulate  in 
the  sac.  As  the  inflammation  affects  the  surface  of  the  sac,  the  endo- 
thelial lining  is  very  directly  involved.  The  flat  endothelial  cells  are  to 
a  considerable  extent  shed,  being  apparently  killed  by  the  irritant,  but 
they  may  also  be  found  showing  signs  of  germination.  The  exudation 
consists  primarily  of  exuded  liquor  sanguinis  with  contractile  cells,  but 
soon  fibrine  is  deposited  on  the  inflamed  surface.  The  detachment  of 
the  endothelium  seems  to  be  the  circumstance  which  determines  the 
coagulation,  on  principles  already  explained.  The  deposition  of  fibrine 
occurs  on  both  visceral  and  parietal  layers  of  the  sac,  but  it  is  usually 
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thickest  on  the  visceral  surface,  Avhere  it  may  present  shaggy  masses  ou 
the  surface  of  the  heart.  It  is  whitish  in  colour,  and  of  soft,  almost 
gelatinous  consistence.  The  fibrinous  layers  on  the  opposed  surfaces  of 
the  pericardium  are  usually  separated  hy  serous  fluid  which  occupies  the 
sac,  but  an  appearance  is  often  presented  which  suggests  the  application 
and  withdrawal  of  the  layers  while  still  in  a  soft  plastic  condition. 
This  appearance  is  variously  described  as  the  honeycomb  or  pine-apple 
condition,  and  it  has  been  aptly  compared  to  that  presented  when  two 
pieces  of  bread  thickly  buttered  are  stuck  loosely  together  and  then 
separated.  This  honeycomb  appearance,  it  will  be  understood,  is  most 
markedly  present  on  those  parts  of  the  pericardium  where  the  heart  in 
its  movement  comes  most  frequently  against  the  parietes.  It  will  be 
most  extensive  and  characteristic  when  there  is  little  serous  exudation, 
and  may  be  taken  roughly  as  an  indication  of  the  extent  to  which  the 
soft  fibrine  of  the  opposite  layers  has  been  able  to  come  in  contact. 

The  exuded  fibrine  has  the  usual  characters,  as  seen  under  the 
microscope,  forming  a  fine  reticulum  ;  and  in  its  meshes  are  leucocytes, 
and  sometimes  red  corpuscles,  whose  origin  Ave  have  already  considered 
in  studying  inflammation  in  general. 

If  the  inflammation  has  been  slight  and  transient,  there  may  be  little 
beyond  a  small  serous  and  fibrinous  exudation,  Avhich  is  gradually 
absorbed.  But  as  a  general  rule  further  changes  develop,  and  these  are 
mainly  in  the  connective  tissue  of  the  pericardial  sac.  This  shows  evi- 
dence of  inflammation  in  the  presence  of  innumerable  cells,  so  that  by 
<legrees  it  is  converted  into  what  is  equivalent  to  gi'anulation  tissue. 
This  inflammatory  transformation  does  not  confine  itself  to  the  super- 
ficial layers  of  the  sac,  but,  according  to  the  intensity  of  the  irritation, 
penetrates  more  and  more  deeply,  even  extending  frequently  to  the 
interstitial  connective  tissue  in  the  muscular  substance  of  the  heart.  A 
layer  of  granulations  thus  forms  beneath  the  fibrinous  exudation,  and 
like  other  such  layers,  it  is  abundantly  supplied  by  thin-walled  blood- 
vessels. The  formation  of  this  granulation  tissue  implies  here,  as  else- 
where, that  the  acuteness  of  the  inflammation  has  somewhat  subsided, 
or  at  least  that  a  considerable  interval  has  elapsed  since  its  onset.  The 
layer  of  granulations  has  the  general  tendencies  as  well  as  the  structure 
of  granulation  tissue  elsewhere,  it  tends  to  develop  into  connective  tissue 
as  soon  as  the  inflammatory  irritation  becomes  sufficiently  mild.  With 
the  subsidence  of  the  inflammation  there  will  be  a  reduction  of  the 
serous  exudation.  The  fibrine  is  also  disposed  of,  partly  undergoing 
fatty  degeneration  and  so  becoming  absorbed,  and  partly  eaten  into  from 
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beneath  by  the  granulation  tissue.  The  result  of  this  is  that  the  granu- 
lations are,  as  it  were,  laid  bare,  and  a  vascular  layer  occupies  the  place 
of  the  former  fibrinous  deposit. 

Looking  to  this  substitution  of  the  fibrinous  layer  by  the  vascular 
granulations,  it  is  easy  to  understand  how  the  inference  was  formerly 
drawn  that  an  actual  transformation  occurs.  The  fibrine  was  regarded 
as  plastic  lymph  which  had  the  power  of  developing  into  the  vascular 
i  tissue,  first  granulations  and  then  fibrous  tissue.  The  soft  fibrine  is  stdl 
I  sometimes  called  soft  lymph,  and  the  name  is  even  applied  to  shreds  of 
1  connective  tissue  which  have  been  formed  from  the  granulations. 

AVith  the  absorption  of  the  exudation  the  two  layers  of  the  pericar- 
idium  come  in  contact,  and  a  coalescence  of  the  granulating  surfaces, 
more  or  less  complete,  occurs.  The  vessels  intercommunicate,  and 
the  two  layers  so  far  as  they  are  in  contact  become  virtually  one.  As 
the  granulation  tissue  passes  on  in  its  development  into  connective 
tissue  the  pericardial  sac  undergoes  partial  or  complete  obliteration,  the 
uniting  agent  being  vascular  connective  tissue.  The  connection  will  at 
first  be  delicate,  and  may  be  torn  through,  but  as  time  goes  on  it  gets 
firmer,  and  a  condition  results  in  which  the  two  layers  are  absolutely 
inseparable.  Under  certain  circumstances  the  coalescence  of  the  two 
layers  is  not  complete,  and  there  is  only  a  partial  adhesion  ;  in  that 
case  the  adhesions  are  sometimes  greatly  stretched  by  the  movements  of 
the  heart  so  that  tags  or  hgaments  may  unite  the  surface  of  the  heart  to 
the  peripheral  layer. 

This,  which  may  be  regarded  as  the  normal  course  of  pericarditis,  is 
sometimes  departed  from,  chiefly  when  the  inflammation  remains  too 
intense  to  allow  of  the  formation  of  proper  connective  tissue.  Instead 
of  progressing  in  this  direction,  suppuration  occurs,  and  the  serous  ex- 
udation in  the  pericardium  gives  place  to  pus.  The  inflammation  in 
that  case  is  usually  very  prolonged,  and  even  when  it  subsides  there 
are  obstacles  to  the  adhesion  of  the  layers.  On  the  subsidence  of  the 
inflammation  the  pus  dries  in  by  the  absorption  of  its  fluid.  The  pus 
corpuscles  undergo  fatty  degeneration  and  die,  but  the  surface  not 
being  well  adapted  for  absorption,  the  debris  remains  as  dead  mat- 
ter. In  this  way  caseous  material  is  produced,  which  subsequently 
gets  infiltrated  with  lime  salts.  At  first  the  lime  forms  a  pultaceous 
layer  on  the  surface  of  the  heart,  but  it  may  afterwards  become  consoli- 
dated so  as  to  form  calcareous  plates  in  the  midst  of  thick  adhesions. 

It  is  to  be  added  that  SEPTIC  INFLAMMATIONS,  such  as  those  which 
occur  in  pyaemia  when  an  abscess  in  the  substance  of  the  heart  extends 
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to  the  surface  and  bursts  into  the  pericardium  or  gives  off  septic  organ- 
isms, or  in  the  rarer  case  of  perforation  of  an  ulcer  of  the  stomach  or 
cesophagus  into  the  pericardium,  are  purulent  from  the  outset.  The 
septic  irritant  acts  so  intensely  that  leucocytes  are  at  once  exuded  in 
such  numbers  as  to  give  a  purulent  character  to  the  exudation.  • 

In  considering  hypertrophy  of  the  heart  in  a  previous  page,  it 
was  pointed  out  that  this  condition  may  be  caused  by  complete  synechia 
of  the  pericardium,  and  an  endeavour  was  made  to  explain  the  mode  of 
its  production.  It  may  here  be  stated  that  hypertrophy  may  occur 
even  in  the  stage  of  pericarditis  associated  with  fibrinous  and  serous  exu- 
dation, but  these  conditions  must  have  persisted  lon^  in  order  to  induce 
it ;  the  mode  in  which  they  bring  it  about  has  been  already  explained. 
It  should  be  borne  in  mind,  however,  that,  as  pericarditis  is  often  asso- 
ciated with  endocarditis,  we  may  have  hypertrophy  from  valvular 
disease  associated  with  adherent  pericardium,  and  it  may  be  difficult 
sometimes  to  assign  the  exact  proportion  of  one  or  other  agent  in  bring- 
ing about  the  result. 

Tubercular  pericarditis  has  commonly  a  sub-acute  or  chronic 
course.  It  is  very  often  associated  Avith  tuberculosis  of  the  pleura,  and 
the  conditions  in  that  sac  have  similar  characters.  Occasionally  we 
meet  with  an  acute  fibrinous  pericarditis  in  which,  when  we  remo^-e 
the  fibrine,  numerous  small  white  fresh  tubercles  are  to  be  seen  on  the 
pericardium.  More  frequently,  however,  the  two  layers  of  the  pericar- 
dium are  firmly  united  by  connective  tissue,  and  it  is  impossible  to 
separate  them.  In  the  midst  of  the  thickened  layers  are  to  be  seen 
yellow  caseous  masses,  sometimes  of  considerable  size.  These  represent 
old  tubercles,  and  the  whole  process  is  a  more  or  less  chronic  one,  even 
from  the  outset.  Under  the  microscope  there  will  be  found  large 
masses  having  the  indefinite  characters  of  caseous  necrosis  with  occa- 
sional fresh  tubercles,  in  the  midst  of  tissue  which  presents  in  some 
parts  evidences  of  recent  inflammation  and  in  others  merely  dense  con- 
nective tissue. 

White  spots,  milk  spots,  or  soldier's  spots,  on  the  pericardium.— 
These  are  very  common  pathological  conditions  and  Avarrant  a  passing 
notice.  They  occur  in  about  half  the  cases  examined  post  mortem,  and 
their  frequency  seems  nearly  in  direct  proportion  to  age.  They  are  in 
the  form  of  well-defined,  whitish,  opaque  areas  on  the  surface  of  the  heart, 
of  very  various  size,  sometimes  very  small,  at  other  times  so  large  as 
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almost  to  cover  the  anterior  surface.  Their  edges  are  usually  abrupt  and 
)  well-defined,  but  they  may  merge  gradually  in  the  pericardium.  They 
j  have  often  a  brilliant  white  tendinous  appearance,  but  may  be  more  dull. 
They  are  most  frequently  situated  on  the  anterior  surface  of  the  right 
ventricle,  and  next  on  that  of  the  left  ventricle,  especially  near  the 
apex.  They  are  also  met  with  on  the  posterior  surface,  especially  near 
the  base  of  the  heart,  and  on  the  intra-pericardial  portions  of  the  great 
j  •  vessels.  They  are  more  uncommon  on  the  parietal  layer  of  the  sac. 
i  These  spots  actually  consist  in  a  thickening  of  the  pericardium,  pre- 
i  senting  merely  dense  connective  tissue  covered  with  endothelium  (see 
j  Fig.  167).    The  thickening  is  due  to  a  chronic  irritation,  and  the  con- 


Fig.  167. — Soldier's  spot  on  pericardium,  b,  muscular  waU  of  heai-t ;  a,  pericardiiim  ;  c, 
thickening  so  as  to  form  spot,    x  25. 

dition  is  really  a  chronic  pericarditis.  The  cause  of  the  irritation  is 
not  at  first  very  clear.  We  have  here  a  circumscribed  inflammation 
affecting  by  preference  certain  districts,  and  the  cause  must  be  a  local 
one.  It  seems  to  be  due  to  the  irritation  resulting  from  the  projection 
of  the  heart  against  its  surroundings.  The  commonest  seat  is  where 
the  anterior  surface  of  the  right  ventricle  comes  against  the  sternum  at 
the  place  where  the  edges  of  the  lungs  turn  aside  and.  expose  the  peri- 
cardium. The  sternum  is  less  yielding  than  most  surrounding  parts, 
and  so  the  irritation  is  greater  here.  The  spot  where  the  left  ventricle 
near  the  apex  strikes  against  the  fifth  rib,  is  the  next  most  frequent 
site. 

ANEURISMS  OF  THE  HEART  AND  VALVES. 

Although  these  aneurisms  are  not  usually  of  independent  origin  or 
significance,  we  give  them  here  a  special  treatment  because  of  their 
frequency  and  importance. 

By  ANEURISMS  OF  THE  HEART  are  meant  aneurisms  which,  in  the 
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form  of  sacs  or  diverticula,  communicate  with  one  of  the  cavities  of 
the  heart.  These  aneurisms  are  almost  confined  to  the  left  ventricle, 
and  they  may  be  divided  into  two  forms.  In  one  form  the  aneurism 
projects  out  from  the  heart,  so  as  to  be  visible  externally  as  a  pro- 
trusion ;  in  the  other  form  the  aneurism  burrows  in  the  wall  of  the 
heart,  and  is  not  visible  externally.  The  first  form  usually  has  its  seat 
at  the  apex  or  the  base,  and  in  the  latter  case  it  may  project  up 
between  the  great  vessels.  These  aneurisms  mostly  arise  as  a  con- 
sequence of  chronic  endocarditis,  or  chronic  myocarditis.  The  latter, 
especially  when  it  produces  a  locahsed  fibroid  condition,  or  cirrhosis  of 
the  muscular  wall,  may  allow  of  partial  dilatation  in  the  form  of  a  pouch. 
In  the  second  form,  the  dimensions  and  outline  of  the  aneurism  may  be 
very  complicated.  The  blood,  getting  into  the  muscular  substance, 
may  dissect  a  path  for  itself  for  a  considerable  distance  from  the 
original  ajDerture.  In  this  way  it  may  almost  form-  a  girdle  round  the 
heart.  Or  it  may  undermine  the  j^ericardium,  dissecting  it  largely  from 
the  surface  of  the  heart,  so  as  to  form  a  kind  of  blood-filled  sac  around 
the  heart.  For  the  most  part  these  aneurisms  originate  in  softening  of 
the  endocardium,  admitting  of  penetration  of  the  blood  into  the  mus- 
cular substance.  It  need  hardly  be  added  that,  in  both  forms,  rupture 
of  the  aneurism  is  liable  to  occur,  usuall}'  into  the  sac  of  the  pericar- 
dium, and  with  fatal  results. 

Aneurism  of  the  valves  is  the  condition  in  which  a  pouch  exists, 
projecting  from  a  valve  and  with  a  narrow  neck.  This  form  of  aneu- 
rism results  from  acute  endocarditis,  either  simple  or  ulcerative.  With 
the  aid  of  the  accompanying  diagram,  the  mode  of  formation  of  the 


vii„  168  — Diaeram  of  mode  of  formation  of  aneurism  of  aortic  valve. 
The  curtain  (a)  formed  of  two  layers.  At  h,  its  outer  layer  roughened 
and  softened.  At  p,  the  aneurism,  which  has  burst  at  so  as  to  per- 
forate the  valve. 

aneurism  may  be  illustrated  in  the  case  of  the  aortic  valve,  which  is  its 
most  frequent  seat.  The  semilunar  curtains  which  form  the  valve 
are  each  composed  of  a  double  fold  of  endocardium,  as  represented  at 
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\  a.  From  what  has  ah'eacly  been  stated,  it  will  be  known  that  in  acute 
I  endocarditis  it  is  the  ventricular  layer  which  is  principally  involved 
I  along  the  line  of  contact,  as  indicated  at  b.  The  aortic  layer  is 
i  usually  smooth  and  unaltered  to  the  naked  eye.  At  the  affected  part 
I  of  the  ventricular  layer  the  tisue  is  softened,  and  during  the  closure 
I  of  the  valve,  the  single  aortic  layer  may  be  unable  to  support  the  full 
pressure  of  the  blood.  In  this  way  it  may  be  pushed  towards  the 
.  ventricle,  carrying  before  it  the  softened  ventricular  layer,  as  at  c.  It 
will  be  apparent  that,  in  the  case  of  the  aortic  valve,  the  aneurism  will 
always  project  into  the  ventricle.  In  the  case  of  the  mitral  valve,  on 
the  other  hand,  the  softened  layer  is  on  the  auricular  surface  of  the 
valve,  and  the  pressure  of  the  blood  during  closure  of  the  valve  will  be 
exercised  towards  the  auricle,  and  the  aneurism  consequently  projects 
towards  that  cavity. 

As  the  aneurism  owes  its  origin  to  acute  endocarditis,  its  surface 
is  usually  covered  with  vegetations,  which  are  often  very  abundant, 
and  may  so  conceal  the  aneurism  as  to  lead  to  its  being  overlooked. 
The  aneurism,  again,  may  rupture,  and  so  produce  a  perforation  of  the 
valve.  It  is  sometimes  as  if  the  bottom  had  been  blown  out  of  the 
aneurism  and  a  short  tube  left,  surrounded  by  shaggy  vegetations 
(as  at  d  in  figure).  Even  in  that  case,  however,  if  the  neck  of  the 
aneurism  be  examined,  it  is  often  found  that  the  endocardium,  as  it 
passes  into  it,  is  smooth  and  unaltered. 

YALYULAE  DISEASE  OE  THE  HEAET. 

In  studying  endocarditis,  we  have  seen  that  the  valves  are  frequentl}" 
altered  in  their  structure  ;  we  have  now  to  consider  these  alterations 
more  specifically,  and  their  effects  on  the  heart  and  circulation.  It  is 
not  usual  to  designate  anything  as  valvular  disease  unless  it  interfere 
with  the  function  of  a  valve  or  orifice.  The  function  of  a  valve  is  to 
close  an  orifice  under  certain  circumstances,  and  we  speak  of  valvular 
disease  when  the  alterations  are  such  as  either  to  obstruct  the  orifice  or 
to  interfere  with  its  closure  by  the  valve.  Hence  valvular  lesions  may  be 
divided  into  two  kinds,  namely,  narrowing  or  stenosis  of  the  orifice,  and 
insufficiency  of  the  valve.  In  referring  to  these  same  lesions,  as  they 
affect  the  current  of  blood  in  the  heart,  we  speak  of  obstruction  of  an 
orifice  and  of  regurgitation  through  the  orifice  or  incompetency  of  the 
valve.  Of  course  it  would  be  a  very  incorrect  use  of  language  to  speak 
of  obstruction  of  a  valve,  or  insufficiency  of  an  orifice. 
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Valvular  disease  occurs  much  more  frequently  in  the  valves  of  the 
left  side  than  in  those  of  the  right,  and  hence  we  have  chiefly  to  do 
with  the  mitral  and  aortic  valves.  We  have  already  seen  that  in  the 
foetus  it  is  the  valves  of  the  right  side  which  are  most  frequently 
affected,  and  we  have  connected  this  with  the  fact  that  these  valves  are 
more  liable  to  variations  of  pressure  in  the  foetus  than  in  the  adult. 

Insufficiency  or  Incompetency  op  the  Mitral  Valve.— This  is 
a  condition  in  which,  during  the  systole  of  the  heart,  some  portion  of 
the  blood  passes  back  into  the  left  auricle  instead  of  the  whole  being 
forced  into  the  aorta. 

The  actual  physical  conditions  are  somewhat  various,  but  most  of 
them  are  related  to  chronic  endocarditis.  The  commonest  is  that  in 
which  the  valvular  structures  are  thickened  by  the  new-formed  connec- 
tive tissue  and  retracted  and  shortened  from  its  contraction.  This 
ajDplies  to  the  curtains  themselves,  but  still  more  to  the  chordje  ten- 
dinese,  which  become  thickened  and  shortened,  and  frequently  grow 
together,  so  that  they  hold  the  curtains  rigidly  draAvn  down  and  do  not 
allow  them  to  go  together  during  the  systole  of  the  ventricle  (see  figure 
164,  p.  325).  Again,  much  more  rarely,  in  acute  endocarditis,  the 
valve  may  be  perforated,  as  in  the  case  of  valvular  aneurism,  or  the 
chordae  tendineae  torn  so  as  to  allow  a  portion  of  the  valve  to  flap 
upwards  through  the  orifice.  Lastly,  without  much  alteration  of  the 
curtains,  there  may  be  a  relative  insufficiency  of  the  valve.  That  is  to 
say,  the  cavit}'-  of  the  ventricles  sometimes  enlarges  greatly,  and  pro- 
duces enlargement  of  the  orifice,  which  the  valve  is  no  longer  able  to 
cover.  There  are  some  cases  of  permanent  hyj)ertrophy  and  dilatation 
of  the  left  ventricle  where  this  occurs,  but  it  may  be  met  with  where  the 
dilatation  is  temporary,  as  in  the  flabby  fatty  heart  of  typhus  fever  and 
anaemia.  It  is  not  to  be  supposed  that  the  so-called  anaemic  murmurs 
are  usually  due  to  this  cause,  but  there  is  in  some  cases  an  actual  mitral 
regurgitation.  When  recovery  occurs,  and  the  heart  resumes  its  former 
vigour,  the  valve  will  again  cover  the  orifice. 

We  have  now  to  consider  what  results  ensue  from  insufficient  closure 
of  the  valve.  At  each  ventricular  systole  blood  regurgitates  into  the 
left  auricle,  and  the  most  direct  result  is  over-distension  of  this  auricle 
occurring  at  successive  intervals.  The  wall  of  the  auricle  is  weak,  and 
does  not  offer  much  resistance  to  the  distensile  force.  There  is  another 
result  which  often  follows,  aj)j)arently  from  the  unduly  forcible  impact 
of  the  blood  against  the  endocardium,  and  the  over-stretching  of  this 
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membrane,  namely  a  thickening  of  the  endocardium.  We  may  find  it 
generally  thickened  and  opaque,  or  there  may  be  patches  of  opacity. 

But  the  results  do  not  confine  themselves  to  the  auricle — the 
abnormal  blood-pressure  is  reflected  to  the  pulmonary  veins  which  feed 
the  auricle,  and  they  become  distended.  The  distension  is  further 
reflected  to  the  capillaries  and  the  pulmonary  arteries,  and  finally  to 
the  right  ventricle.  The  right  ventricle  is  over-distended,  and  unless 
it  acts  more  vigorously  than  usual,  so  as  to  empty  itself  into  the  pul- 
monary artery  at  every  systole  with  greater  force,  the  overfilling  is 
reflected  to  the  systemic  venous  system. 

We  have  already  seen,  however,  that  when  necessity  arises  the  heart 
is  stimulated  to  increased  action.  The  rhythmical  contractions  of  the 
heart  are  referrible  to  its  intrinsic  ganglia,  and  the  heart  of  a  frog 
will  beat  for  a  time  when  empty  of  blood.  But  it  beats  much  more 
vigorously  when  full,  and  the  more  its  cavities  are  distended,  up 
to  a  certain  point,  the  more  vigorous  are  its  contractions.  It  is  as  if 
the  stretching  of  the  fibres  supplied,  the  reflex  stimulus  to  increased 
vigour  in  the  contraction  of  the  muscle.  In  the  case  we  are  considering 
the  increase  in  the  amount  and  pressure  of  the  blood  in  the  right 
ventricle,  as  well  as  the  necessities  of  the  j)ulmonar3'-  circulation,  act  as  a 
spur  to  more  vigorous  contraction,  and  we  have  already  seen  that  this 
increased  action  when  prolonged  leads  to  hypertrophy.  Hypertrophy 
of  the  right  ventricle  is  therefore  a  very  constant  result  of  the  lesion 
we  are  considering. 

Returning  now  to  the  left  side  of  the  heart,  it  is  clear  that,  as  part 
of  the  blood  in  the  left  ventricle  j)asses  at  each  systole  into  the  auricle, 
too  little  will  go  into  the  aorta,  and  the  systemic  circulation  will  be 
partially  starved.  But  when  the  right  ventricle  acts  with  increased 
vigour,  the  blood  passes  into  the  left  ventricle  with  increased  force 
and  in  larger  amount  than  normally.  The  result  will  be  increased 
action  and  consequent  hypertrophy  of  the  left  ventricle.  We  can  see 
here  again  a  double  action  such  as  we  found  in  the  case  of  the  right 
ventricle.  The  systemic  circulation,  being  starved,  calls  for  increased 
supply  of  blood,  and  on  the  other  hand  the  distension  of  the  ventricle 
induces  increase  in  the  force  of  the  contractions.  The  hypertrophy  of 
the  left  ventricle  is  usually  small  in  amount  and  quite  subordinate  to 
that  of  the  right,  which  with  the  distension  of  the  left  auricle  is  the 
most  prominent  appearance.  The  heart  presents  the  more  globular 
or  quadrilateral  shape  already  referred  to  as  characteristic  of  hyper- 
trophy of  the  right  ventricle. 
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These  clianges  may  completely  compensate  for  the  incompetence  of 
the  valve,  that  is  to  say  the  circulation  may  be  restored  to  its  normal 
efficiency ;  but  it  may  not  be  so,  or  even  when  established,  the  restored 
efficiency  may  be  impaired  from  some  further  interference  with  the  pul- 
monary circulation  or  weakness  of  the  heart.  So  there  is*  apt,  after  a 
time,  to  be  over-distension  of  the  systemic  venous  circulation,  and  the 
train  of  changes  which  are  usually  more  fully  developed  in  mitral 
obstruction  and  will  be  described  under  that  heading.  The  pulmonary 
circulation  suffers  even  more  than  the  systemic  from  any  insufficient 
compensation  on  the  part  of  the  right  ventricle.  The  pulmonary 
vessels  are  permanently  over-distended,  and  oedema  and  haemorrhage 
are  frequent  results.  The  haemorrhage  is  in  the  form  of  slight  oozing 
from  the  pulmonary  capillaries  so  that  the  sputum  is  streaked  with 
blood.  It  is  not  to  be  confused  with  that  which  occurs  in  consequence 
of  embolism  of  the  pulmonary  artery,  forming  the  haemorrhagic  infarc- 
tion, which  is  of  frequent  occurrence  in  disease  of  the  mitral  valve,  but 
from  a  cause  to  be  afterwards  considered. 


Obstruction  of  the  Mitral  Orifice.  Mitral  Stenosis.— This 
name  is  applied  to  the  condition  in  which  the  mitral  orifice  is  not  large 

enough  to  allow  of  the  usual  quantity 
of  blood  passing  from  the  auricle  to 
the  ventricle.  The  normal  width  of 
the  mitral  orifice  may  be  roughl}^ 
estimated  with  the  fingers ;  in  the 
adult  it  should  allow  the  index  and 
middle  fingers  to  pass  freely  through 
as  far  as  the  first  joint.  The  contrac- 
tion may  be  very  slight  or  it  may 
be  to  such  an  extent  that  hardly  a 
crow-quill  can  be  admitted  into  the 
orifice.  In  the  case  of  stenosis  of  the 
mitral  as  well  as  in  that  of  the  aortic 
orifice,  the  obstruction  is  usually 
caused  by  the  curtains  of  the  valves 
becoming  thickened  and  rigid,  and 
especiall}^  by  their  coalescence.  The 
thickened  valves  grow  together  by  their  edges,  and  so  the  valve  is  con- 
verted into  a  funnel  with  its  apex  turned  down  into  the  ventricle.  The 
normal  orifice  is  at  the  base  of  the  curtains.  But  when  the  valves  coalesce, 


Fig.  160.— Diagram  of  ftinnel-shaped  de- 
formity of  mitral  valve.  The  dotted  lines 
indicate  the  coalesced  curtains  forming  a 
fiinnel  projecting  into  the  ventricle  with  a 
reduced  aperture  at  the  apex. 
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I  the  orifice  while  becoming  contracted  is  moved  downwards,  and  comes 
{  to  have  its  site  at  the  apex  of  the  funnel.  This  will  be  understood 
I  from  the  accompanying  simple  diagram  (Fig.  169),  in  which  black  lines 
i  represent  the  orifice  and  curtains  in  their  normal  condition  during  the 
diastole  of  the  ventricle,  the  curtains  lying  back  against  the  wall  of  the 
■  ventricle,  and  the  orifice  at  their  base.  The  dotted  hues  represent 
i  the  coalesced  funnel-shaped  valve  ;  the  contraction  of  the  orifice  and 
i  ■  its  removal  downwards  being  shown.  The  chordse  tendinese  are  com- 
(  monly  thickened  and  often  partly  incorporated  in  the  funnel  (see  Fig. 
.  164,  p.  325).  On  laying  open  the  ventricle  this  thick,  rigid,  funnel-shaped 
deformity  is  often  strikingly  prominent.  These  conditions  result  from 
chronic  endocarditis,  and  it  will  be  readily  understood  that  the  rigid 
valve  is  frequently  incompetent,  so  that  this  condition  is  often  combined 
with  the  one  before.  There  are  also  not  infrequently  changes  in  the 
aortic  valve. 

It  might  be  supposed  that  the  vegetations  occurring  in  acute  endocar- 
ditis would  obstruct  the  orifice,  but  although  these  rough  projections 
undoubtedly  interrupt  the  even  flow  of  blood,  and  may  produce  during 
life  what  is  technically  a  murmur  of  mitral  obstruction,  yet  their  actual 
influence  on  the  function  of  the  orifice  must  be  very  slight,  and  we 
are  not  to  look  for  any  definite  evidences  of  their  influence  on  the 
circulation. 

Obstruction  is  occasionally  produced  by  thrombi  growing  •  on  the 
valve,  or  having  their  seat,  in  the  auricle  and  projecting  into  the  orifice. 
This  is  a  rare  cause  of  obstruction,  and  a  still  rarer  is  the  presence  of 
tumours  growing  in  such  a  way  as  to  obstruct  the  orifice. 

We  have  now  to  consider  the  results  to  the  circulation  of  mitral 
obstruction.  The  most  direct  eff'ect  will  be  dilatation  of  the  left 
auricle,  as  the  blood  is,  to  a  certain  extent,  hindered  in  its  passage 
into  the  ventricle.  As  a  consequence,  the  whole  pulmonary  vessels 
will  be  loaded  and  the  right  ventricle  distended  with  the  accumulated 
blood.  On  the  principles  already  laid  down  there  will  be  increased 
action  and  consequent  hypertrophy  of  the  right  ventricle,  and  this  is 
commonly  more  extreme  than  in  mitral  insufficiency.  The  contraction 
of  the  orifice  interferes  with  the  passage  of  blood  into  the  left  ventricle, 
which,  in  extreme  cases,  is,  as  it  were,  starved  of  blood.  The  increased 
force  of  the  right  ventricle  may  in  great  part  make  up  for  this  de- 
ficiency, and  sometimes  there  is  also  aortic  insufficiency,  so  that  the 
ventricle  is  fed  from  the  aorta  as  well.  According  to  these  various 
circumstances  will  be  the  state  of  the  left  ventricle.    It  may  be  actuall}- 
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atrophied  and  appear  as  a  small  appendage  to  the  enlarged  right  ven- 
tricle, or  it  may  be  normal  in  size  or  even  hypertrophied.  In  any  case 
the  hypertrophy  of  the  right  ventricle  is  the  predominating  condition. 
The  shape  of  the  heart  is  more  quadrilateral,  the  apex  is  blunt  and 
formed  by  the  right  ventricle.  During  life,  instead  of  the  defined  apex 
beat  of  the  left  ventricle,  there  is  the  more  diffused  heaving  of  the 
right. 

Passing  from  the  heart,  we  have  a  permanent  passive  hypersemia 
of  the  pulmonary  circulation,  with  consequent  brown  induration  of 
the  lungs.  There  will  also  be  the  tendency  to  slight  haemorrhages, 
showing  itself  in  the  sputa.  ffidema  of  the  limgs  readily  de- 
velops. The  dilatation  of  the  right  ventricle,  especially  Avhen  followed 
by  thrombosis,  also  frequentlj^  leads  to  embolism  of  the  pulmonary 
artery  and  the  hsemorrhagic  infarction.  The  hypersemia  is  reflected 
to  the  systemic  venous  circulation,  especially  if  the  dilatation  of  the 
right  ventricle  lead  to  relative  insufficiency  of  the  tricuspid  valve,  and 
we  find  evidences  of  passive  hypersemia  of  the  liver  (nutmeg  liver), 
kidneys  and  other  organs.  Not  infrequently  serious  oedema  of  the  skin 
and  dropsy  of  the  serous  cavities  develop.  Thrombosis  in  the  veins  of 
the  legs  often  complicates  the  condition,  and  this  again  may  be  a  source 
of  pulmonary  embolism. 


Insufficiency  of  the  Aortic  Val^^e. — This  is  the  condition  in 
which,  after  the  completion  of  the  ventricular  systole,  a  portion  of  the 
blood  regurgitates  into  the  left  ventricle  through  the  imperfectly 
closed  semilunar  valve.  This  condition  is  usually  brought  about  by 
chronic  endocarditis.  The  individual  semilunar  folds  are  thickened 
and  shortened,  the  actual  length  of  free  margin  being  reduced.  The 

consequence  is  that,  during 
the  closure  of  the  valve,  the 
edges  have  not  sufficient 
length  to  meet  perfectly 
and  so  a  triangular  aper- 
ture is  left.  This  is  illus- 
trated diagrammatically  in 
the  accompanying  figure. 
The  contraction  may  reach 
such  an  extent  as  to  leave 
only  a  nodulation  on  the  wall  of  the  aorta  in  place  of  the  curtains.  These 
changes  are  very  commonly  accompanied  by  adhesion  of  the  adjacent  folds 


Fig.  170. — Diiigram  of  aortic  insuflficiency.  a,  the  nor- 
mal valve  closed,  as  seen  from  above  ;  b,  the  valve  with 
curtains  shortened  and  leaving  a  triangular  space. 
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of  the  curtains,  and  this  necessarily  causes  contraction  of  the  orifice ; 
indeed,  the  curtains  as  such  may  disappear,  leaving  only  a  diaphragm  with 
a  permanent  aperture  in  its  middle,  the  condition  being  similar  to  that 
illustrated  in  Figure  154,  p.  303.  An  unusual  cause  of  aortic  in- 
sufficiency is  perforation  of  the  curtains  as  a  result  of  acute  endocar- 
ditis or  the  bursting  of  a  valvular  aneurism.  Of  course  the  perforation 
of  the  curtains  beyond  the  line  of  contact  already  referred  to  is  not 
to  be  mistaken  for  a  pathological  perforation.  A  rare  cause  of  aortic 
insufficiency  is  the  tearing  of  one  of  the  curtains.  During  severe  ex- 
ertion the  blood-pressure  in  the  aorta  may  be  so  much  raised  as  to 
rupture  a  curtain,  and  such  a  wound  will  hardly  unite  as  it  will  be  torn 
aside  at  each  closure. 

It  may  be  added  here  that  aortic  disease  is  often  accompanied  by 
mitral  disease,  chronic  endocarditis,  having  its  origin  in  rheumatism, 
attacking  both.  Chronic  endocarditis  of  the  aortic  valve  again  is  often 
connected,  as  we  have  seen,  with  endarteritis  or  atheroma  of  the  aorta, 
and  in  that  case  it  is  not  so  likely  to  be  associated  with  mitral  disease. 

It  may  be  interesting  here  to  observe  that  the  origin  of  the  endo- 
carditis has  an  important  bearing  on  the  age  at  which  these  valvular 
lesions  occur.  Acute  rheumatism  is  a  disease  of  youth  and  manhood, 
and  most  cases  of  valvular  disease  take  origin  in  it.  Accordingly, 
diseases  of  the  valves  are  most  common,  at  least  in  their  inception,  be- 
tween the  ages  of  ten  and  thirty.  But  there  are  some  cases  of  aortic 
disease  which,  as  we  have  seen,  stand  in  a  different  category.  Chronic 
endarteritis  or  atheroma  is  a  disease  mostlj^  of  advanced  life,  and  so  it  is 
more  common  in  old  persons  to  meet  with  aortic  disease  than  with  mitral. 

We  have  now  to  consider  the  effect  of  this  insufficiency  of  the  aortic 
valve  on  the  circulation.  In  the  normal  state  during  the  diastole  of 
the  ventricle,  the  blood  flows  from  the  auricle  into  the  ventricle.  But 
just  at  the  close  of  the  diastole  the  auricle  contracts  and  forces  the 
blood  more  vigorously  into  the  ventricle  so  as  to  distend  it,  and  per- 
haps give  it  the  impulse  to  contract.  When  the  ventricle  contracts 
the  blood  passes  into  the  aorta,  and  the  wave  is  propagated  forwards, 
and  at  the  same  time  partly  distends  that  vessel.  At  the  end  of  the 
systole  the  semilunar  valve  closes,  and  on  the  recoil  of  the  distended 
aorta  the  blood  is  forced  onwards  in  the  systemic  arteries.  But  now, 
suppose  that  the  semilunar  valve  does  not  close  completely,  then  the 
aorta  in  its  recoil  will  force  blood  back  into  the  ventricle  as  well  as 
forward  into  the  systemic  arteries.  This  extra  mass  of  blood  driven 
with  considerable  force  into  the  left  ventricle  will  overfill  it  and  forcibly 
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distend  it,  while  the  systemic  circulation  will  be  proportionately 
starved.  The  left  ventricle  is  called  on  to  make  increased  exertions  to 
get  rid  of  the  excess  of  blood  and  fulfil  the  wants  of  the  system,  and 
we  may  suppose  that  the  stimulus  to  increased  action  is  afforded  by  the 
stretching  of  the  fibres  by  the  excess  of  blood.  The  natural  result  is 
dilatation  and  hypertrophy  of  the  left  ventricle,  which  may  almost 
completely  compensate.  In  this  disease,  therefore,  the  primary  and 
prominent  fact  is  the  enlargement  of  the  left  ventricle.  As  previously 
mentioned,  the  heart  becomes  more  conical  in  shape ;  the  septum  takes 
part  in  the  hypertrophy  and  bulges  into  the  right  ventricle.  This 
may  exist  to  such  an  extent  that  the  right  ventricle  is  seen  on  trans- 
verse section  as  a  mere  crescentic  appendage  of  the  left,  and  there  may 
even  be,  to  some  extent,  obstruction  of  the  right  auriculo- ventricular 
orifice  by  the  bulging  of  the  septum,  inducing  general  venous  hyper- 
aemia.  As  the  ventricle  propels  a  much  larger  amount  of  blood  into 
the  aorta,  and  with  abnormal  force,  there  is  sometimes  a  resulting  dila- 
tation of  the  arch  and  great  vessels.  In  this  way  there  may  even  be  an 
actual  aneurism  of  the  arch. 

It  is  to  be  added,  that  as  hypertrophy  of  the  left  ventricle  is  asso- 
ciated with  dilatation  of  that  cavity,  there  is  frequently  a  consequent 
widening  of  the  mitral  orifice.  As  a  result  of  this,  we  may  have  a 
relative  incompetency  of  the  mitral  valve,  which  is  incapable  of  com- 
pletely covering  the  dilated  orifice.  In  this  way,  the  consequences 
already  considered  of  mitral  insufficiency  may  be  brought  about ;  but 
they  are  usually  much  less  pronounced,  and  of  late  occurrence.  It  is  to 
be  remembered,  also,  that  mitral  disease  often  co-exists  with  aortic. 

Obstruction  of  the  Aortic  Orifice.  Aortic  Stenosis. — In  this 
lesion  the  passage  of  blood  from  the  left  ventricle  into  the  aorta  is  inter- 
fered with.  It  is,  in  the  great  majority  of  cases,  caused  by  chronic 
endocarditis.  The  conditions  already  described  as  leading  to  insuf- 
ficiency of  the  valve  by  causing  rigidity  of  the  curtains,  mostly 
produce  obstruction  of  the  orifice,  and  this  is  all  the  more  marked 
when  calcareous  infiltration  ensues.  Where  the  valve  is,  in  the  way 
already  mentioned,  converted  into  a  rigid  diajahragm,  then  there  must 
be  great  obstruction  of  the  orifice  as  well  as  insufficiency  of  the  valve. 
These  two  forms  of  lesion  are,  therefore,  usually  found  associated. 
In  acute  endocarditis  the  roughening  of  the  curtains  may  to  some  extent 
obstruct  the  flow  of  blood,  but  the  interference  is  trivial,  and  "svill  hardly 
lead  to  any  of  the  secondary  results  of  aortic  stenosis. 
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The  obstruction  at  the  orifice  prevents  the  l)lood  getting  away 
fully  during  the  systole  of  the  ventricle,  and  there  comes  to  be  an 
overfilling  of  the  ventricle.  The  ventricle,  as  in  the  previous  case, 
is  stimulated  to  increased  exertion,  and  the  distensile  force  of  the 
blood  may  again  be  supposed  to  afford  the  necessary  stimulus.  In- 
creased action  induces  hypertrophy  as  before,  and  so  here,  as  m  the 
previous  case,  the  primary  phenomenon  is  hypertrophy  of  the  left 
ventricle.  This  may  completely  compensate  for  the  obstruction,  and 
persons  may  go  about  comparatively  well  with  an  obstructed  orifice  and 
enlarged  left  ventricle.  But  this  is  not  so  likely  as  in  the  previous  case, 
and  any  extra  need  for  exertion  on  the  part  of  the  heart,  or  weakness 
of  its  muscle,  may  lead  to  incomplete  compensation.  In  such  a  case  the 
ventricle  will  get  abnormally  dilated,  and  the  auricle  will  not  be  able  to 
empty  itself  fully  into  the  dilated  ventricle.  The  pulmonary  circula- 
tion will  become  engorged  and  the  right  ventricle  overloaded,^  and 
so  we  may  have  all  the  evil  consequences  of  mitral  disease.  It  will  be 
observed,  however,  that,  as  the  left  ventricle  is  much  more  capable 
of  undertaking  additional  work  than  the  right,  it  succeeds  much  more 
frequently  in  bringing  about  a  complete  compensation.  The  hyper- 
trophied  left  ventricle  having  to  dispose  of  an  increased  mass  of  blood, 
generally  does  so  slowly,  and  the  pulse  is  consequently  slow  and 
regular. 

It  will  have  become  apparent  that  in  many  cases  aortic  disease 
is  associated  with  mitral,  and  that  there  is  frequently  combination  and 
complication  of  the  resulting  changes  in  the  heart  and  circulation. 

Valvular  Disease  of  the  Right  Heart. — We  have  already  seen 
that,  except  in  the  foetus,  this  form  of  disease  is  uncommon.  In  cases 
of  acute  or  chronic  endocarditis  with  well  marked  lesions  on  the  left 
side,  however,  there  are  very  often  slight  indications  of  infliammation 
in  the  valves  of  the  right  heart. 

There  is  one  condition  of  the  tricuspid  valve  which,  although  secon- 
dary, is  often  of  considerable  consequence  on  account  of  the  effects  to 
which  it  leads,  and  that  is  relative  insufficiency  of  the  tricuspid 
VALVE.  We  have  seen  that  in  mitral  disease  the  right  ventricle  usually 
dilates  and  hypertrophies,  and  with  this  change  in  the  ventricle  the 
orifice  widens.  The  valve  may  thus  be  unable  to  cover  the  enlarged 
orifice,  and  become  insufficient.  In  other  forms  of  dilatation  and 
hypertrophy  of  the  right  ventricle  as  in  that  due  to  olistruction  to 
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the  pulmonary  circulation,  the  same  thing  may  occur.  The  tricuspid 
orifice  normally  admits  readily  three  fingers  up  to  the  first  joints,  and 
when  enlarged  it  is  not  uncommon  to  meet  with  cases  in  which  it 
•admits  four,  five,  six,  or  even  seven  fingers.  If  the  valve  is  thus 
incompetent  to  close  the  enlarged  orifice  the  blood  will,  during  the 
systole  of  the  ventricle,  regurgitate  into  the  auricle.  The  wave  will 
be  propagated  into  the  veins  of  the  neck,  and  there  will  probably  be 
an  aggravation  of  existing  congestion  of  the  systemic  veins. 

It  need  only  be  added  that  if  chronic  endocarditis  attacks  the 
tricuspid  or  pulmonary  valves,  it  may  produce  results  similar  to  those 
effected  in  the  mitral  and  aortic.  The  tissue  here,  however,  is  less 
substantial  to  begin  with,  and  the  inflammation  is  usually  much  less 
intense,  and  so  the  changes  are  rarely  of  any  great  consequence. 


COAGULA  IN  THE  HEART. 

Simple  Clots. — It  is  very  common  to  meet  with  clots  in  the  heart 
at  post-mortem  examinations,  and  Yery  imjjortant  to  distinguish  those 
that  are  of  pathological  significance.  In  a  great  majority  of  cases  we 
meet  Avith  soft  gelatinous  clots  occupying  auricles  and  ventricles  and 
sometimes  extending  from  them  into  the  aorta  and  pulmonary  artery. 
These  clots  are  produced  just  about  the  period  of  death.  It  cannot  be 
said  that  they  are  always  in  the  strictest  sense  post-mortem,  because 
the  fact  that  they  are  sometimes  decolorized  shows  that  the  blood 
corpuscles  have  been  in  these  cases  removed  from  them.  Yet  they  are 
to  all  intents  and  purposes  post-mortem.  During  the  last  minutes  of 
life  the  heart  may  give  irregular  and  imperfect  contractions,  not  suffi- 
cient to  forward  the  circulation,  but  having  the  effect  of  churning  the 
blood.  Coagula  may  thus  be  formed  somewhat  in  the  way  that  the 
fibrine  is  separated  in  whipping  blood.  In  that  case  the  clot  is  apt  to 
be  stringy  and  slightly  opaque  in  appearance.  Again,  the  absence  of 
the  red  corpuscles  in  a  clot  may  be  brought  about  in  a  different  way. 
When  blood  is  shed  it  coagulates  quickly,  and  in  human  blood  it  is  rare 
for  the  coagulation  to  be  long  enough  delayed  to  allow  of  the  sinking  of 
the  corpuscles  so  as  to  leave  a  buffy  coat  on  the  surface.  In  the 
heart,  however,  the  coagulation,  unless  it  be  induced  by  the  churning 
action  just  referred  to,  is  delayed,  because  the  tissue  does  .  not 
immediately  lose  all  vitality.  Time  is  often  thus  aflbrded  for  the 
sinking  of  the  red  corpuscles,  and  so  we  may  find  some  parts  of  the  clot 
deeply  red  and  others  colourless  or  yellow.    For  practical  purposes  all 
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this  class  of  coagula  may  be  designated  simply,  clots,  the  term  thrombi 
being  applied  to  those  occurring  during  life. 

The  clots  have  more  or  less  the  shape  of  the  cavity  in  which  they  are 
found.  They  sometimes  extend  into  the  great  vessels,  and  show  a  con- 
striction where  they  have  taken  the  mould  of  the  valve.  They  adhere 
very  little  to  the  endocardium,  although  they  may  have  a  deceptive 
appearance  of  adhesion  from  being  entangled  among  the  chordae 
tendinege  and  muscuh  papillares.  The  gelatinous  character,  transparent 
appearance,  and  smooth  surface  of  these  clots  are  other  indications. 
They  are  also  as  a  rule  much  more  bulky  than  thrombi. 

Thrombi  are  of  various  kinds  and  different  significance,  and  it  may 
be  said  that  coagulation  of  blood  within  the  heart  during  life  is  of 
frequent  occurrence.  We  have  already  incidentally  considered  most  of 
these  forms  of  thrombi,  and  it  will  be  necessary  here  to  do  little  more 


Fig.  171. — Globular  thrombi  near  the  apex  of  the  loft  ventricle.  Several 
of  these  are  seen  to  project  from  between  the  musculi  papillares. 

than  enumerate  them.  Thrombi  are  frequently  designated  vegetations, 
but  it  is  not  advisable  to  use  this  word  in  place  of  the  more  accurate 
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one  thrombi.  We  may  distinguish  three  forms  of  thrombi :  warty 
globular,  and  polypoid. 

Warty  thrombi  we  have  already  seen  to  occur  in  acute  endocarditi.s, 
owing  to  the  coagulation  of  the  fibrine  on  the  inflamed  and  roughened 
surfaces. 

Globular  thrombi  have  been  described  in  the  section  on  throm- 
bosis^  (see^page  28)  in  the  first  part  of  this  work,  and  are  represented 
m  Fig.  171.  It  is  to  be  remembered  that  they  are  of  frequent  occur 
rence  in  dilated  and  hypertrophied  hearts,  and  that  they  are  prone  t.. 
soften  in  the  central  parts  and  finally  to  break  down,  so  that  they  m&y 
give  rise  to  embohsm.  These  thrombi  are  sometimes  very  loosely  ad- 
herent to  the  endocardium  and  may  be  detached  bodily  and  carried 
into  the  pulmonary  artery  or  aorta— most  frequently  into  the  former, 
as  they  are  more  common  in  the  right  ventricle  and  auricle  than  in 
the  left. 

The  POLYPOID  THROMBI  are  much  more  uncommon  than  the  other 
two  forms.  It  sometimes  happens  that  a  thrombus  is  formed  on  a  vake 
or  on  the  internal  surface  of  the  heart  and  from  this  point  grows  out  by 
successive  deposition  to  a  considerable  size.  The  author  has  met  with 
a  case  in  which  the  left  ventricle  was  filled  with  massive  festoons  thus 
formed,  and  great  hypertrophy  and  dilatation  had  occurred.  In  this 
case  also  the  coagula  had  undergone  a  partial  impregnation  with  lime. 
He  has  also  seen  a  case  in  which  a  thrombus,  formed  of  firm  fibrine  and 
attached  to  the  wall  of  the  right  auricle,  hung  free  in  the  auricle  and 
assumed  a  nearly  globular  form.  It  was  so  placed  as  to  hang  down 
into  the  tricuspid  orifice,  which  it  greatly  obstructed,  hke  a  ball-valve. 


TUMOUES  OF  THE  HEAET. 

Primary  tumours  are  exceedingly  rare,  but  a  primary  sarcoma  of 
the  endocardium  has  been  described,  as  also  primary  fibroma,  myoma, 
and  lipoma. 

Secondary  tumours  are  not  uncommon,  and  they  are  either 
malignant  or  infective  tumours.  Miliary  tubercles  are  sometimes 
met  with  in  cases  of  acute  general  tuberculosis,  occupying  the  endocar- 
dium, or  the  pericardium,  or  even  the  muscular  substance.  Syphilitic 
GUMMATA  are  occasionally  met  with  in  the  muscular  substance,  and  as 
usual  they  are  accompanied  by  interstitial  inflammation.  The  gumma 
has  the  usual  indefinite  and  varied  structure,  in  the  more  recent  stage 
softer  and  more  cellular,  in  the  more  advanced  stage  largely  composed 
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of  dense  connective  tissue,  with  probably  a  caseous  centre.    There  may 
be  a  single  tumour  replacing  a  portion  of  the  wall,  and  surrounded  by 
the  cicatricial  tissue  of  chronic  inflammation,  in  which  the  endocardium 
or  the  pericardium  may  be  involved.     In  the  latter  case  there  is 
i  adhesion  of  the  two  layers  of  the  sac.     Or  the  gummata  may  be 
i  multiple,  in  which  case  there  is  a  more  diffused  interstitial  inflam- 
mation.   Sarcomas  occurring  in  the  neighbourhood  may  spread  to  the 
heart,  and  especially  those  of  the  mediastinum,  involving  first  the 
parietal  and  then  the  visceral  pericardium.    Sometimes  also  a  cancer 
of  the  oesophagus  extends  to  the  pericardium.     Cancers  when  they 
become  generalized  very  often  occur  in  the  heart,  in  the  form  of  round 
,pale  tumours. 

'  Of  PARASITES,  the  echinococcus  and  the  cysticercus  celluloste  have 
been  found  in  the  heart. 


B.— THE  BLOOD-VESSELS. 

The  blood-vessels  are  to  be  regarded  as  tubes  of  which  the  essential 
constituent  is  the  intima.    According  to  circumstances  the  intima  be- 
I  comes  clothed  with  external  and  middle  coats,  and  so  we  haA^e  arteries 
!  and  veins.    We  have  already  seen  that,  in  nearly  all  new-formations, 
blood-vessels  are  produced  as  well  as  the  proper  tissue,  and  it  is  first  a 
;  tube  composed  of  intima  which  is  formed,  or  a  capillary.    This  primary 
I  vessel  is  capable  of  enlargement  and  further  complication  in  the  way 
;  just  indicated,  so  that  a  transformation  of  the  primary  cai^illaries  into 
!  arteries  and  veins  may  take  place.    This  process  of  formation  of  vessels 
;  9,nd  their  further  development  according  to  the  requirements  of  the 
.  tissues  is  an  exceedingly  common  one,  and  may  be  regarded  as  equiva- 
lent to  that  which  occurs  in  the  formation  of  the  tissues  during  the  period 
of  growth  of  the  body  as  a  whole.    A  process  of  a  similar  nature  is 
sometimes  seen  when  the  obstruction  of  an  artery  causeis  the  current  to 
be  in  great  part  diverted  into  other  channels.    We  know  that  in  this 
case  the  anastomosing  vessels  enlarge,  small  arteries  becoming  converted 
into  large  ones,  and  perhaps  even  capillaries  into  arteries.    The  vas- 
cular system  is  thus  an  exceedingly  plastic  one,  and  possesses  great 
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powers  of  new-formation  and  development  according  to  the  needs  of  the 
tissues. 

INFLAMMATION  OF  THE  VESSELS. 

We  have  already  seen  that  the  hlood-vessels  bear  an  important, 
perhaps  an  essential,  part  in  the  inflammatory  process,  hut  apart  from 
this  we  have  to  consider  inflammations  aff'ecting  the  tissues  composing 
the  walls  of  the  vessels,  and  some  of  these  also  have  been  already 
referred  to  incidentally. 

Acute  Inflammation.— Considering  the  close  analogy  between  the 
endocardium  and  the  intima  of  blood-vessels  it  might  be  supposed  that 
the  latter  would  be  prone  to  acute  inflammation  under  similar  circum- 
stances to  the  former.  But  this  is  not  the  case,  and  an  acute  endar- 
teritis scarcely  ever  occurs.  Sometimes  an  acute  endocarditis  affecting 
the  aortic  valve  extends  to  the  neighbouring  portions  of  the  aorta, 
resulting  in  the  formation  of  irregular  projections,  generally  on  the 
surface  of  a  chronic  thickening,  but  even  this  is  rare.  The  acute 
inflammations  of  the  vessels  are  nearly  always  secondary. 

A  typical  instance  of  acute  inflammation  is  aff'orded  by  that  which 
occurs  in  the  veins  in  pytemia  (Phlebitis).  The  conditions  here  have 
been  already  considered,  and  we  saw  that  the  inflammation  depends  on 
the  action  of  a  septic  irritant.  In  the  metastatic  abscesses  of  jDysemia 
we  have  also  a  septic  inflammation  of  the  arteries.  Vessels  which  com- 
municate with  wounds  are  liable  to  inflammations  at  their  mouths, 
especially  when  the  wounds  are  septic.  The  arteries  and  veins  in 
stumps  are  thus  often  inflamed. 

In  all  cases  of  acute  inflammation  of  blood-vessels,  thrombi  form  in 
them,  the  blood  coagulating  on  the  inflamed  surface.  But  the  formation 
of  thrombi  may  be  the  primary  phenomenon,  they  by  their  presence 
inducing  inflammation.  This  is  sometimes  because  the}^  are  sej^tic 
thrombi,  as  in  the  case  we  have  already  referred  to  of  suppurative 
phlebitis  in  pyaemia ;  but  a  simple  thrombus  by  its  mere  j^resence  irri- 
tates the  wall  of  the  vessel,  and  induces  inflammation.  This  is  an 
essential  factor  in  the  organization  of  the  thrombus  itself,  as  Ave  have 
already  seen. 

Again,  inflammation  is  induced  in  vessels  by  injury  to  them.  ^ATien 
an  artery  is  ligatured,  for  instance,  the  internal  and  middle  coats,  as 
shown  in  Fig.  172,  are  torn  through,  and  the  result  of  this  injury  as 
well  as  of  the  continued  action  of  the  ligature  is  to  induce  inflammation. 

The  condition  of  the  coats  of  the  inflamed  vessel  varies  considerably. 
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according  to  the  nature  of  the  case.  In  septic  inflammations  they 
are  infiltrated  with  pus,  softened  and  opened  out,  or  even  necrotic. 
Where  the  inflammation  is  less  intense  the  coats  are  infiltrated  with  in- 


Fig.  172.— Longitudinal  section  of  an  artery  at  seat  of  ligature.  a,  a,  apertures  in  which 
the  silk  ligature  was  found.  The  external  coat  is  drawn  in  at  this  place,  while  the  middle 
and  internal  coats  are  absent,  being  absolutely  disjoined.  These  coats  are  seen  above  at  b  and 
below  at  c.    x  35. 


flammatory  cells,  and  so  thickened  and  rendered  more  rigid  than 
normal.  In  this  way  a  vein  may  assume  the  appearance  of  an  artery. 
If  the  inflammation  be  prolonged  there  will  be  a  partial  organization  of 
the  contained  thrombus.  A  similar  new-formation  of  tissue  occurs 
externally,  and  the  thickened  vessel  is  adherent  to  its  sheath,  and 
to  parts  around.  In  this  way  there  is  often  considerable  matting  of 
the  structures  around  the  veins  of  the  legs  which  are  the  seat  of 
thrombosis. 
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In  the  regular  progress  of  the  inflammation,  the  whole  new-formed 
tissue,  including  that  in  the  wall  of  the  vessel,  and  that  which  replaces- 
the  thrombus,  develops  into  connective  tissue  having  the  usual  tendenc\ 
to  contraction.  The  common  result  is  that  the  vessel  and  throm])us 
are  replaced  by  a  fibrous  cord,  but  sometimes  the  contraction  of  the 
new-formed  tissue  causes,  in  the  way  already  described  at  p.  32,  the 
formation  of  a  cavernous  tissue  through  which  the  circulation  may  be 
restored. 

CHEONIC  ENDAETEEITIS— ATHEEOMA. 

These  names  are  applied  to  a  disease  of  very  frequent  occur- 
rence in  arteries,  the  nature  of  which  has  been  differently  regarded 
at  different  times.  Besides  the  common  name  atheroma,  it  is  variously 
designated  cjironic  endarteritis,  sclerosis  of  arteries,  etc.  According  to  the 
former  of  these  names  the  disease  is  an  inflammation  of  the  internal  coat, 
and  this  view  is  so  far  a  correct  one;  but  degenerative  processes  play 
such  an  important  part  in  the  course  of  the  disease  that  it  would  be  a 
mistake  to  regard  it  as  merely  an  ordinary  chronic  inflammation.  The 
fact  that  the  disease  is  peculiarly  one  of  advanced  life  is  another  indica- 
tion of  its  degenerative  nature,  and  it  may  almost  be  said  that  a  weakness 
of  the  wall  of  the  vessel  must  be  regarded  as  one  of  the  j)rincipal 
agents  in  the  causation  of  the  disease.  "V\Tiile  there  is  this  predisposition 
the  actual  supervention  of  the  disease  is  apparently  caused  by  me- 
chanical irritation.  Its  principal  seat  is  the  arch  of  the  aorta,  and  this 
is  doubtless  due  to  the  fact  that  this  part  is  more  exposed  to  the  force 
of  the  wave  of  blood  during  the  systole  of  the  heart  than  any  other 
portion  of  the  arterial  system.  The  disease  is  frequently  met  mth  in 
the  arteries  of  the  brain,  and  here  it  is  more  difficult  to  account  for  its 
occurrence  on  the  theory  of  mechanical  irritation,  but  the  atheromatous 
patch  is  often  situated  just  at  a  bifurcation,  where,  presumably,  the 
vessel  wall  is  more  exposed  to  the  force  of  the  current.  Again,  it  is  met 
with  in  the  pulmonary  artery  in  cases  of  hypertrophy  of  the  right 
ventricle,  the  excessive  impulse  of  the  blood  from  the  hjqiertrophied 
ventricle  apparently  determining  its  occurrence.  As  we  shall  see  after- 
wards, syphihs  produces  a  disease  of  arteries  in  many  ways  similar  to 
atheroma,  and  it  is  matter  of  uncertainty  how  far  ordinary  atheroma 
may  be  due  to  syphilis. 

The  disease  consists  in  a  more  or  less  locaHzed  thickening  of  the 
internal  coat.  The  thickening  is  nearly  alwaj-s  distinctly  Hmited  in 
area,  so  that  we  speak  of  atheromatous  patches.    When  we  examine 
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the  aorta  in  the  earher  stages  we  see  elevated  areas  with  tolerably  ab- 
rupt edges,  and  usually  of  a  dead  white  colour  as  compared  with  the 
surrounding  intima.    These .  patches  are  hard,  and  cut  like  cartilage. 
They  have  the  appearance  at  first  sight  of  deposits  on  the  surface  of  the 
intima,  and  so  they  were  long  regarded,  but  on  making  a  section  through 
patch  and  vessel,  it  is  seen  that  the  intima  is  continuous  with  the  raised 
patch.    In  the  arteries  of  the  brain  the  diseased  parts  are  seen  as  white 
opaque  patches,  and  the  vessel  is  more  rigid  than  normal,  so  that  it  does 
not  collapse ;  the  calibre  also  is  diminished  by  the  inward  projection  of 
the  patch.    On  cutting  into  the  patch,  either  in  the  aorta  or  cerebral 
artery,  there  is  often  an  opaque  yellow  colour  revealed  in  the  deeper 
parts,  and  this  is  an  indication  of  fatty  degeneration.    Very  often,  too, 
there  is,  especially  in  the  aorta,  calcareous  infiltration  of  the  deeper 
parts  of  the  patch,  but  these  two  conditions  will  be  more  fully  dis- 
cussed further  on. 

In  considering  more  particularly  the  details  of  the  process,  it  is 
instructive  to  examine  microscopic  sections  including  the  edge  of  the 
patch  and  the  neighbouring  parts  of  the  vessel  (see  Figs.  173,  174,  and 


Fig.  173.— Atheroma  of  aorta.  The  internal  coat  (a)  is  seen  to  be  thickened.  In  its  deeper 
layers  there  are  darker  markings  indicating  the  commencement  of  fatty  degeneration,  b, 
middle,  and  c,  extemal  coat.    X  22. 


176).  In  well-preserved  recent  cases  it  can  be  seen  that  the  endothelium 
of  the  intima  is  continued  over  the  patch,  and  in  nearly  all  cases  there 
is  little  difficulty  in  observing  that  the  patch  is  really  a  thickening  of 
the  internal  coat,  as  shown  in  the  figures.  The  thickened  intima  is 
composed  of  a  dense  connective  tissue,  which  in  the  early  stages 
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contains  many  round,  oval,  and  stellate  cells.  In  a  fully  formed  patch 
the  structure  is  often  exceedingly  indefinite,  and  there  are  few  cells  that 
are  at  all  prominent  even  when  staining  agents  are  used.  The  structure 
is  indeed  half  obsolete,  and,  as  already  indicated,  fatty  degeneration 
readily  occurs.  The  fatty  degeneration  begins  usually  in  the  deeper 
layers  of  the  patch,  so  that  on  making  a  section  one  generally 
finds  in  the  portion  of  the  patch  bordering  on  the  middle  coat  an 
opaque  yellow  streak.  (See  also  Fig.  173.)  The  fatty  degeneration 
at  first  affects  the  cells  of  the  intima,  but  as  time  goes  on  the  inter- 
cellular substance  gives  way,  and  the  tissue  breaks  down  so  that  a 
cavity  containing  fatty  debris  and  cholestearine  is  formed.  From  the 
character  of  this  fatty  debris  the  name  atheroma  is  derived,  and  the 
cavity  thus  formed  is  sometimes  called  an  ATHEROMATOUS  ABSCESS. 
(See  Fig.  174.)    The  tissue  superficial  to  the  cavity  may  ultimately  give 


Fig.  174. — Atheroma  of  femoral  artery.  The  greatly  thickened  internal  coat(ti)  is  shown.  In  the 
midst  of  it,  towai-ds  the  right,  are  dark  masses  consisting  mainly  of  fatty  debris,  and  representing 
the  atheromatous  abscess.  At  one  part  the  middle  coat  (It)  is  considerably  encroached  on  from 
within.    X  22. 


way,  and  so  expose  the  cavity,  thus  forming  an  atheromatous  ulcer. 
The  ulcer  sometimes  presents  calcareous  masses  in  its  walls,  and  in 
any  case  it  may  induce  the  deposition  of  fibrine  on  its  surface.  The 
fatty  material  may,  on  the  other  hand,  be  absorbed  without  forming  an 
actual  ulcer,  and  in  that  case  there  will  be  produced  depressions  and 
irregular  foldings  and  puckerings  of  the  internal  coat.  These  depres 
sions  and  foldings  have  often  a  kind  of  cicatricial  appearance. 

Calcareous  infiltration  is  a  frequent  result  of  the  disease  under 
consideration.  It  is  generally  stated  that  the  calcareous  salts  are 
deposited  in  the  fatty  degenerated  structure.  But  this  is  not  always 
the  case.    The  dense  tissue  of  the  patch  may  become  infiltrated  with 
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lime  salts  ^vithout  a  preceding  fatty  degeneration.  This  is  peculiarly 
the  case  when  the  tissue  is  very  hard  and  dry.  We  shall  see,  m  study- 
ing calcareous  infiltration  of  the  middle  coat,  that  some  individuals 
present  a  very  great  tendency  to  the  deposition  of  lime  salts  m  the 
walls  of  their  arteries,  and  there  are  cases  of  atheroma  m  which  this 
tendency  is  very  marked,  so  that  with  comparatively  little  atheromatous 
thickening  there  may  be  very  extensive  calcareous  deposition.  The  peculiar 
tendency  presented  in  some  cases  to  the  deposition  of  lime  salts  is  a  strong 
indication  of  the  degenerative  nature  of  the  process.  At  first  the  salts 
are  deposited  in  fine  granules,  and  in  the  deeper  layers  of  the  patch,  but 
as  time  goes  on  these  aggregate  into  consistent  masses  which,  from  the 
lateral  extension  of  the  affected  parts,  have  the  form  of  plates.  Thus 
we  have  calcareous  plates  of  various  forms  and  sizes,  sometimes 
attaining  to  a  square  inch  in  area.  These  plates,  having  abrupt  edges, 
not  infrequently  tear  through  the  remaining  layers  of  the  intima,  and 
present  an  edge  or  angle  inside  the  vessel.  They  may  even  become 
to  a  considerable  extent  separated,  and  hang  into  the  calibre  attached 
only  by  a  strip  of  intima  like  a  hinge.  The  rough  calcareous  edge 
very  commonly  induces  a  deposition  of  fibrine,  and  the  thrombus  thus 
formed  may  subsequently  get  detached,  and  form  an  em.bolus.  The 
determination  of  the  preponderance  of  the  fatty  or  calcareous  change 
appears  to  depend  on  individual  peculiarities.  Both  forms  are  very 
frequent  in  the  aorta.  The  fatty  change  preponderates  greatly  in  the 
cerebral  arteries. 

It  is  to  be  noted  here  that  there  are  some  cases  in  which  the  ather- 
oma has  a  much  more  distinctly  inflammatory  course  than  that  described 
above.  The  thickened  intima  is  infiltrated  with  round  cells,  and  there 
is  also  inflammatory  infiltration  of  the  middle  and  external  coats,  the 
round  cells  aggregating  specially  around  the  blood-vessels,  so  that 
the  whole  wall  of  the  vessel  is  affected.  Such  cases  are  perhaps 
hardly  to  be  placed  in  the  same  category  as  ordinary  atheroma,  but 
as  this  condition  occurs  like  the  other,  mainly  in  the  aorta,  and  the  re- 
sult is  a  thickening  of  the  internal  coat  in  patches,  it  is  difficult  to  draw  a 
distinct  line  of  demarcation  between  them.  By  some,  this  condition 
has  been  specially  distinguished  under  the  designation  ACUTE  aortitis. 

It  is  important  to  consider  what  changes  the  atheromatous  process 
produces  in  the  middle  and  external  coats.  At  first  the  middle 
coat  is  hardly  at  all  affected,  but  if  the  process  advances  far,  and  especi- 
ally if  the  degeneration  of  the  patch  causes  much  deformity  of  the 
internal  coat,  then  the  middle  coat  becomes  softened  and  loosened.  It 


356 


DISEASES  OF  THE  ORGANS  OF  CIRCULATION. 


also  becomes  affected  with  fatty  degeneration,  the  muscular  fibre-cells 
being  first  involved  (see  Fig.  175).    In  advanced  cases,  especially  in  the 

cerebral  arteries,  we  may  even  find, 
along  with  fat  granules,  crystals  of 
cholestearine  and  margarine  and  pig- 
ment, so  that  through  time  the  mid- 
dle coat  may  be  considerably  broken 
up.  This  process  may  be  present 
in  the  middle  coat  while  the  hard 
thickening  of  the  internal  coat  is 
still  present,  and  we  may  find  a 
localized  dilatation  of  the  vessel  oc- 
curring, into  which  the  thickened 
T,.         „     ^  .    „  intima  dips.     The  external  coat  is 

Fig.  1(5.— Fatty  degeneriition  in  atheroma. 
«,  from  internal  coat;  b,  muscle  ceUs  from   mUch  leSS  Seriouslv  affected  than  the 
middle  coat,  x  350.  .  . 

middle ;  if  at  all  involved  it  pre- 
sents increased  thickening  and  vascularization. 


We  have  now  to  consider  the  effect  of  atheroma  on  the  circulation. 
There  are  three  alterations  which  it  produces,  each  of  which  may, 
according  to  circumstances,  have  important  effects  on  the  circulation. 
The  disease  causes  narrowing  of  the  calibre,  loss  of  elasticity  and  rigidity  of 
the  wall,  and  interference  with  the  muscular  contractility  of  the  vessel. 

The  narrowing  of  the  vessel  will  be  of  little  consequence  in  such 
large  arteries  as  the  aorta,  but  in  the  case  of  the  cerebral  vessels  and 
those  of  the  legs,  the  interference  with  the  circulation  may  be  consider- 
able (see  Fig.  176).  This  is  sometimes  peculiarly  the  case  in  the  coronary 
arteries  of  the  heart,  where  an  atheromatous  patch,  originating  perhaps 
in  the  aorta,  may  cause  very  great  narrowing  and  even  complete 
obstruction.  The  disturbance  of  the  circulation  in  the  substance  of 
the  heart  sometimes  produces  severe  angina,  and  may  lead  to  sudden 
death.  If  by  reason  of  the  roughness  of  the  surface  or  the  formation  of 
the  atheromatous  ulcer  fibrine  is  dej)osited,  then  the  narrowing  may  be 
very  serious,  and  may  even  amount  to  complete  occlusion. 

The  interference  with  the  muscular  contractility  will  also  affect 
mainly  the  arteries  of  smaller  dimensions,  and  in  the  case  of  the 
arteries  of  the  brain,  the  absence  of  that  control  of  the  circulation 
which  is  afforded  by  their  varying  calibre  may  lead  to  serious 
consequences. 

But  of  all  the  consequences  of  atheroma  the  rigidity  and  weakening 
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i  of  the  wall  are  the  most  important.    These  consequences  are  most 

serious  in  the  aorta,  where  they  are  probably  the  chief  factors  in  the 


Fig.  176.— Atheroma  of  cerebral  artery.  The  gi-eatly  thickened  mtemal  coat  is  seen.  In 
its  substance  are  dark  masses  (6)  in  which  margarine  crystals  were  found.  On  the  surface 
in  a  paler  layer  (c)  consisting  of  partially  organized  thrombus ;  ((0  blood  occupying  the 
remaining  calibre.    X  34. 


¥ig.  177.— Transverse  section  of  normal  cerebral  artery  to  contrast  with  Fig.  176.    X  34 


■causation  of  aneurism.  The  immediate  consequence  of  rigidity  of  the 
-aorta  is  that  during  the  systole  of  the  heart  the  vessel  does  not  dilate, 
and  at  the  end  of  the  systole  it  does  not  recoil,  so  that  the  force  of 
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the  elastic  recoil  is  lost  to  the  circulation,  and  in  distant  parts  there  is 
apt  to  be  more  or  less  stagnation.  As  a  result  of  this  we  have  hyper- 
trophy of  the  left  ventricle,  wliicli  is  often  very  marked  in  cases  where 
much  calcareous  infiltration  exists.  The  hypertrophied  ventricle  send- 
ing the  blood  forcibly  into  the  rigid  aorta  produces  commonly  a  diffuse 
dilatation  of  the  arch.  The  influence  of  atheroma  in  producing 
aneurism  Avill  fall  to  be  considered  subsequently. 

The  time  of  life  at  which  atheroma  is  most  frequent  is  a  point  of 
some  importance  in  relation  to  the  causation  of  aneurism.  According 
to  Rokitansky,  it  is  commonest  between  the  ages  of  forty  and  sixty.  It 
is  still  pretty  frequent  down  to  thirty  years  of  age,  but  rapidly 
diminishes  in  frequency  from  that  age  downwards.  It  is  extremely 
rare  under  twenty  years,  and  when  it  does  occur  it  is  mostly  in  connec- 
tion with  congenital  anomalies  of  the  great  vessels  or  heart,  such 
as  stenosis  of  a  stem  with  defect  of  the  septum,  etc. 


1|L  ,  


As  an  addendum  to  the  subject  of  atheroma,  mention  has  to  be  made 

of  a  condition  sometimes  designated 
Endarteritis  obliterans  (figm-e 
178).  This  is  not  an  independent 
disease,  but  is  frequently  of  con- 
siderable importance  as  a  part  of 
the  phenomena  of  other  condi- 
tions. It  affects  the  finer  vessels- 
of  certain  organs,  and  consists,  like 
atheroma,  in  a  thickening  of  the 
internal  coat  which,  in  these  fine 
arteries,  frequently  leads  to  com- 
plete obliteration.  This  form  of 
lesion  is  seen  especially  in  inter- 
stitial inflammations  of  organs,, 
and  is  particularly  frequent  in 
chronic  interstitial  nephritis,  where  it  will  be  again  referred  to. 


mm 


Fig.  ITS.— Endarteritis  obliterans  in  arteries  of 
kidney,  a,  thickened  and  fibi-ous  internal  coat ;  b, 
middle  coat. 


Fatty  Degeneration  of  the  Intima  of  Arteries. — This  is  a  con- 
dition which  we  consider  here  because  it  is  apt  to  be  mistaken  for 
atheroma.  We  frequently  see,  especially  in  the  aorta,  yellow  markings 
on  the  internal  surface.  These  markings  are  only  slightly  raised  above 
the  surface,  and  have  the  appearance  of  superficial  figurings.  They  are 
to  be  found  in  the  aorta,  pulmonary  artery,  and  other  parts  of  the 
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arterial  system.  If  a  portion  of  such  a  patch  be  examined  under  the 
microscope  by  removing  a  thin  layer  by  a  section  parallel  to  the 
surface  it  will  be  found  that  the  condition  consists  in  a  fatty  degenera- 
tion of 'the  cells  of  the  intima.  The  flat  branched  cells  are  demarcated 
by  the  presence  in  them  of  abundant  fat  drops.  If  the  fatty  degenera- 
tion is  much  advanced  then  the  intercellular  substance  becomes  also  the 
seat  of  fat  drops,  and  the  cells  are  no  longer  demarcated.  It  sometimes 
happens  that  when  the  degeneration  is  very  advanced  the  little  patch 
softens  and  an  erosion  forms.  This  erosion  is  very  superficial,  and  is 
not  to  be  mistaken  for  the  atheromatous  ulcer. 

This  condition  is  sometimes  met  with  in  the  bodies  of  comparatively 
healthy  persons,  but  we  have  already  seen  that  in  anaemia  and  in 
emaciated  persons  it  is  frequent,  and  is  to  be  classed  in  the  same 
category  as  fatty  degeneration  of  the  muscular  tissue  of  the  heart. 


CALCAEEOUS  INFILTRATION  OF  ARTEEIES. 

We  have  already  seen  that  in  atheroma  there  is  very  frequently 
a  calcareous  infiltration  of  the  affected  structures,  and  it  has  been 
stated  that  individual  pecuHarities  appear  to  play  an  important  part 
here.    In  some  cases  a  more  independent  calcareous  deposition  occurs, 
and  here  individual  pecuharities  are  of   still  greater  consequence. 
Calcification  of  the  middle  coat  is  the  most  frequent  and  important 
form.     This  is  very  frequently  associated  with  atheroma,  but  it  is 
noteworthy  that  the  atheroma  and  calcareous  deposition  very  often 
affect  difi'erent  arteries  or  diff'erent  parts  of  the  same.    We  may  have, 
for  instance,  an  atheroma  of  the  aorta  and  calcification  of  the  middle 
coat  in  the  femoral  and  smaller  vessels ;  or  there  is  atheroma  as  well 
as  calcification  in  the  femoral,  but  in  their  extreme  degrees  the  two  are 
present  at  separate  parts  of  the  artery.    For  instance,  Figs.  174  and  180 
are  from  the  same  femoral  artery,  and  from  parts  near  each  other ;  but 
the  one  shows  atheroma  with  fatty  degeneration,  while  the  other 
exhibits  very  advanced  calcareous  infiltration  of  the  middle  coat.  It 
may  here  be  remarked  that  calcification  affects  by  preference  the 
arteries  of  medium  and  smaller  size.    It  is  often  very  pronounced  in 
the  femoral  and  brachial,  and  extends  to  those  of  smaller  size,  but  not 
to  the  finest  arteries. 

The  deposition  occurs  primarily  into  the  muscular  fibre  cells  of  the 
middle  coat,  and  at  first  marks  these  out  by  the  presence  of  fine  opaque 
granules  (see  Fig.  179).    The  granules  flow  together  till  a  patch  is 
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formed  of  an  opaque  appearance,  hut  confined  to  the  middle  coat.  As 
the  calcareous  deposition  increases,  the  patch  sometimes  assumes  a 


Fig.  179.— Calcareous  infiltration  of  the  middle  coat  (/;)  in  an  artery 
early  stage,  with  atheroma  (n).  At  the  edges  of  the  affected  part  the 
general  outlme  of  the  muscle  fibre  cells  can  be  made  out.    x  CO.  ' 

crystalline  appearance,  and  the  material  may  become  broken  and  irre- 
gular, as  in  Fig.  1 80.    This  condition  necessarily  gives  greatly  increased 


Fig.  "ISO. — Calcareous  infiltration  of  the  middle  coat  in  an  artery.  The  lime  salts  have 
aggregated  together  so  as  to  produce  a  crystalline  appearance.  This  was  taken  from  the 
same  artery  as  Fig.  174.    x  22. 

rigidity  to  the  walls  of  the  arteries,  and  the  feeling  of  rigidity  so  often 
felt  in  the  radial  and  other  smaller  arteries  is  mostly  due  to  this  cause, 
and  not  to  atheroma.  The  fact,  however,  that  calcification  of  the 
middle  coat  is  so  often  associated  with  atheroma  renders  this  rigidity  to 
some  extent  an  indication  of  the  existence  of  atheroma  in  the  larger 
arteries.  To  the  naked  eye  the  calcified  parts  frequently  manifest 
themselves  by  the  appearance  of  a  circular  oj)aque  striation,  visible 
especially  when  the  artery  is  laid  open  and  viewed  from  within.  The 
appearance  is  better  seen  if  the  artery  be  allowed  to  dry  jiartially,  as 
then  the  normal  tissue  becomes  more  transparent  and  the  chalky 
structures  more  prominent.  In  that  case  complete  or  jiartial  rings 
are  seen,  not  unlike  the  irregular  cartilaginous  rings  of  the  bronchi,  but 
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smaller.  Another  method  of  rendering  the  calcification  prominent  is  to 
tear  off  the  internal  coat,  which  is  usually  somewhat  loosely  attached, 

The  calcareous  infiltration  of  the  middle  coat  renders  the  artery 
pecuharly  rigid,  and,  when  extensive,  induces  hypertrophy  of  the 
left  ventricle  just  as  rigidity  of  the  aorta  does.  The  rigid  vessels  are 
also  liable  to  dilatation,  as  in  the  case  of  the  aorta.  But  besides  that, 
the  calcified  middle  coat  is  brittle  and  affords  a  much  less  effective 
■resistance  to  the  distensile  wave  of  blood.  An  additional  strain  on  the 
circulation,  or  some  special  movement  of  the  body,  may  break  the 
brittle  coat  and  directly  lead  to  aneurismal  dilatation  of  the  artery. 
It  is  not  unhkely  that  peripheral  aneurisms  are  frequently  induced  in 
this  way,  and  especially  those  of  the  popliteal  region,  where  the  artery 
is  peculiarly  liable  to  mechanical  injury  from  the  movements  of 
the  limb. 

A  pecuhar  calcification  of  arteries  has  been  described  as  a  result  of 
metastasis.  We  have  already  seen  that  when  great  destruction  of  bone 
is  occurring  the  hme  salts  may  be  deposited  in  distant  parts,  the  lungs 
and  mucous  membrane  of  the  ahmentary  canal  being  the  chief  seats. 
Kuttner  has  described  a  case  in  which  the  incrustation  occurred  in  the 
arteries.  The  deposition  increased  in  amount  the  further  the  arteries 
were  removed  from  the  heart,  and  it  was  especially  manifest  where  the 
current  was  permanently  impeded,  as  where  a  small  branch  issued  from 
a  comparatively  large  stem.  In  this  case  it  was  the  intima  that  was 
incrusted,  and  it  was  peculiar  that  the  veins  were  not  in  the  least  affected. 
Apart  from  the  incrustation,  the  arterial  coats  were  apparently  normal. 
The  source  of  the  lime  salts  was  an  acute  caries  of  the  vertebral  column 
from  the  first  dorsal  to  the  last  lumbar.  In  relation  to  the  pathology 
of  the  case,  it  is  to  be  added  that  there  was  a  purulent  interstitial 
nephritis,  so  that  the  excretion  of  lime  salts  was  presumably  ob- 
structed. It  is  remarkable  that  in  this  case  the  metastasis  was  to  the 
arteries,  and  that  the  lungs  and  mucous  membrane  of  the  intestine  were 
entirely  free. 

SYPHILITIC  DISEASE  OF  AETEEIES. 

The  condition  met  with  in  syphilis  in  many  respects  resembles 
atheroma,  and  it  is  sometimes  difficult  to  say  definitely  which  of  these 
processes  is  present.  In  fact  it  is  not  safe  to  call  a  lesion  syphilitic 
unless  there  be  other  evidences  of  syphilis.  The  condition  has 
been  most  frequently  seen  in  the  arteries  of  the  brain,  but  it  has 
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also  been  observed  in  the  pulmonary  artery,  and  it  prol)ably  occurs  in 
other  vessels.  It  is  asserted  by  some  that  a  large  proportion  of  cases 
of  atheroma  of  the  aorta  have  a  syphilitic  origin,  but  this  is  exceed- 
ingly doul)tful.  Like  atheroma  it  occurs  in  patches,  but  these  are  more 
frequently  single  and  isolated  than  is  the  case  in  atheroma.  Thickening 
of  the  internal  coat  is  the  most  characteristic  appearance,  and  it  may  be 
so  great  as  almost  to  close  the  artery.  The  patch  is  dense,  almost 
cartilaginous  or  fibrous  to  the  feeling.  The  thickening  is  sometimes 
not  confined  to  the  intima  but  extends  to  the  other  coats,  and  this  is 
especially  the  case  when  the  patch  is  in  the  neighbourhood  of  a  gumma 
or  syphilitic  inflammation.    The  disease  begins  with  a  cellular  formation 

in  the  internal  coat  (Fig.  181), 
so  that  it  comes  to  have  the 
characteristics  of  granulation- 
tissue,  and  this  cellular  charac- 
ter is  most  manifest  when  the 
lesion  is  in  the  neighbourhood 
of  a  gumma.  The  new-forma- 
tion extends  outwards  as  well 
as  inwards,  and  very  often  the 
middle  and  external  coats  be- 
come involved.  There  is  little 
tendency  to  fatty  degeneration 
or  calcareous  infiltration  in 
this  disease.  The  new-formed 
tissue  follows  more  commonly 
the  regular  course  of  granula- 
tion tissue.  Capillaries  by 
and  by  form  in  it,  and  the 
coats  of  the  vessel  may  be, 
to  a  considerable  extent,  restored  with  some  narrowing.  On  the  other 
hand  there  may  be  great  cicatricial  contraction,  the  new-formed  tissue 
developing  into  a  dense  fibrous  tissue  with  great  narrowing  of  the 
vessel,  or  even  complete  obstruction  if  the  vessel  be  a  small  one.  It 
sometimes  happens  that  a  thrombus  is  formed  on  the  patch,  and  the 
organization  of  this  may  aid  or  complete  the  obstruction  of  the  vessel. 

As  already  indicated,  the  distinction  of  syphilitic  disease  from  ather- 
oma is  sometimes  difficult,  and  the  main  points  of  difference  may  be 
here  indicated.  Atheroma  is  a  disease  of  advanced  life,  while  syphilis 
occurs  mostly  in  comparatively  young  people.    Both  are  very  common 


Fig.  ISl.— Syphilitic  arteritis.  The  internal  coat  (a) 
thickened  and  infiltrated  with  cells.  The  external  (rf) 
and  middle  (c)  coats  also  somewhat  infiltrated.  To  the 
left  the  membrana  feuestrata  (b)  is  interrupted,   x  150. 

(ZlEGLER.) 
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in  the  cerebral  arteries,  but  in  the  case  of  atheroma  the  aorta  is  usual  y 
simultaneously  affected,  whereas  in  the  case  of  syphiHs  it  has  frequently 
been  specially  noted  that  the  aorta  was  normal.  In  the  syphilitic  dis- 
ease again  the  new-formation  is  more  cellular  and  tends  more  to  extend 
to  the^'other  coats  of  the  vessel.  It  has  also  been  noticed  that  fatty 
deo-eneration  and  calcification  are  much  less  frequent.  In  spite  of  these 
differences  there  are  many  cases  in  which  the  distinction  is  impossible 
and  the  existence  of  syphilitic  disease  should  never  be  absolutely  con- 
cluded unless  there  are  other  evidences  of  the  disease  present. 

It  is  evident  that  syphilitic  disease  will  induce  secondary  changes 
similar  to  those  produced  by  atheroma.  As  it  affects  the  arteries  of  the 
brain  with  pecuKar  frequency,  and  leads  to  obstruction  of  them,  it  may 
induce  softening  of  the  brain.  The  narrowing  may  also  induce  dilatation 
of  the  artery  on  the  proximal  side,  and,  in  this  reference,  it  is  stated 
that  aneurism  of  the  cerebral  vessels  is  not  infrequently  present  in 
syphilitic  persons. 


ANEUEISMS. 

An  aneurism  is  a  locahzed  dilatation  of  an  artery.  Taking  this  as 
the  definition  it  will  follow  that  in  forming  the  aneurism  the  coats  of 
the  artery  are  stretched,  and,  to  some  extent,  retained  as  the  covering 
of  it.  We  shall  afterwards  see  that  there  are  aneurisms  in  which  this 
is  hardly  the  case,  in  which  the  coats  rather  give  way  and  rupture. 
Such  aneurisms  are  often  designated  spurious  aneurisms,  of  which  it  will 
be  necessary  afterwards  to  describe  several  varieties.  Even  of  the  aneur- 
isms which  come  under  the  above  definition  there  are  several  varieties, 
but  we  have  to  consider  here,  in  the  first  place,  those  which  arise  by  a 
limited  dilatation  of  an  artery.  The  artery  may  be  dilated  in  its  whole 
circumference,  thus  forming  a  spindle-shaped  or  fusiform  aneurism, 
or  the  dilatation  may  be  at  a  Hmited  point  and  we  have  then  a 
SACCULATED  ANEURISM. 

Causation  of  Aneurisms. — It  may  be  said  that  permanent  undue 
dilatation  of  an  artery  can  hardly  occur  unless  the  wall  of  the  vessel  be 
weakened.  It  is  perhaps  conceivable  that  the  blood-pressure  might  be 
so  increased  as  to  dilate  an  artery  unduly,  but  such  increased  pressure 
would,  in  its  extreme  form,  be  temporary,  and  unless  there  were  some 
weakness  of  the  vessel-wall  it  would  hardly  produce  a  permanent  dila- 
tation.   AVe  shall  see  reason  to  believe  that  in  the  actual  production  of 
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the  ordinary  aneurism,  both  of  these  conditions,  namely,  weakness  of 
the  wall  and  increased  blood-pressure  are  nearly  always  to  be  traced. 

The  more  important  of  the  two  conditions  is  weakness  of  the  wall 
of  the  artery.  By  far  the  most  frequent  cause  of  this  weakness  is 
atheroma.  We  have  already  seen  how  atheroma  with  great  calcareous 
deposition  may  lead  to  dilatation  of  the  arch  of  the  aorta.  But  aneurism 
is  even  more  frequent  in  cases  where  the  ordinary  fatty  change  takes 
place  in  the  patches,  causing  irregularity  in  the  internal  coat. 
By  the  formation  of  the  atheromatous  abscess  and  ulcer,  or  still 
more  frequently  by  the  absorption  of  the  fat  and  consequent  shrink- 
ing, depressions  and  furrows  are  formed  in  the  internal  coat.  It  is 
to  be  remembered  also  that  the  atheromatous  part  is  rendered  unduly 
rigid  by  the  thickening  of  the  internal  coat,  and  that  any  extra  dis- 
tending force  will  act  specially  on  parts  which  have  been  weakened. 
Another  element  of  equal  importance  is  the  weakening  of  the  middle 
•coat,  which  we  have  seen  to  be  a  frequent  consequence  of  atheroma. 
Fatty  degeneration  is  of  frequent  occurrence  in  the  media  under  the 
atheromatous  patch.  In  the  case  of  the  j)eripheral  arteries  calcareous 
infiltration  of  the  media  may  occur  with  or  without  atheroma,  and  the 
calcification  may  be  such  as  to  render  the  media  exceedingly  brittle. 
It  is  true  that,  according  to  old  experiments  of  John  Hunter  and  Home, 
destruction  of  the  external  or  even  external  and  middle  coats  of  arteries 
in  animals  is  not  sufficient  to  cause  dilatation  of  these  vessels,  but  with 
a  seriously  weakened  middle  coat  any  considerable  increase  of  the  blood- 
pressure  may  be  sufficient  to  cause  dilatation. 

While  atheroma,  especially  when  associated  with  weakening  of  the 
middle  coat,  is  concerned  in  the  causation  of  aneurisms,  there  are 
certain  circumstances  which  indicate  that  this  of  itself  is  not  a  suf- 
ficient cause.  One  of  these  is  the  age  at  which  aneurisms  occur.  We 
have  seen  that  atheroma  is  a  disease  of  advanced  life,  being  most 
frequent  after  forty,  although  still  very  common  between  thirty  and 
forty.  Now  aneurisms  are  most  common  between  the  ages  of  thirty 
and  forty.  Another  circumstance  is  the  great  preponderance  of  aneur- 
isms in  the  male.  It  is  true  that  atheroma  is  commonest  in  the  male, 
but  not  to  anything  like  the  same  extent  as  aneurism.  Bizot  found  in 
189  cases  of  the  latter  171  in  males,  and  18  in  females,  and  Hodgson 
found  in  63  cases  56  in  males  and  7  in  females.  It  is  noteworthy  further 
that  in  some  localities  aneurisms  are  uncommon,  while  atheroma  is  by 
no  means  so  rare.  The  great  frequency  of  aneurism  in  the  army  as 
compared  with  civil  life  is  another  circumstance  requiring  explanation. 
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All  these  circumstances  are  to  be  explained  on  the  view  that,  in 
addition  to  weakening  of  the  vessel-wall  increase  of  blood-pressure  is 
needed  to  produce  aneurisms.  In  severe  continued  exertion  we  find 
the  most  frequent  cause  of  increased  blood-pressure.  The  engineer  who 
has  to  manipulate  a  piece  of  hot  iron  while  wielding  a  heavy  hammer, 
or  the  soldier  who  has  to  perform  long  marches  with  heavy  accoutre- 
ments, must  put  a  strain  on  his  heart  and  larger  vessels  which  ordinary 
persons  are  not  liable  to.  It  will  be  apparent  that  men  are  much  more 
exposed  than  women  to  such  excessive  stress  on  their  vascular  systems. 
It  is  again  between  the  ages  of  twenty  and  forty  that  men  are  mostly 
exposed  in  this  way.  Between  the  ages  of  twenty  and  thirty  atheroma 
is  uncommon,  but  between  thirty  and  forty  it  is  tolerably  frequent,  and 
if  it  exists  the  hability  to  excessive  stress  will  render  the  occurrence  of 
aneurism  more  probable.  On  the  same  principle  we  explain  the  greater 
frequency  of  aneurism  in  some  countries  as  compared  with  others.  The 
excessive  stress  to  which  workmen  in  our  engineering  establishments  are 
frequently  put  in  this  country  goes  far  to  explain  the  frequency  of 
aneurism  here,  besides  the  fact  of  the  general  greater  vigour  of  the 
British  workman  in  performing  his  appointed  task. 

Another  circumstance  of  importance  in  relation  to  the  matter  under 
discussion  is  the  localization  of  aneurisms  in  different  arteries.  Nearly 
half  the  cases  of  aneurism  occur  in  the  aorta,  and  the  great  majority  of 
these  in  the  thoracic  j)ortion.    We  have  seen  that  atheroma  is  most 
frequent  in  this  vessel,  but,  in  addition  to  that,  the  aorta  is  most 
exposed  to  the  excessive  pressure  of  the  blood  when  the  heart  is  stimu- 
lated to  unduly  forcible  action.    Next  to  the  aorta  the  popliteal  artery 
is  most  frequently  the  seat  of  aneurism.    It  has  already  been  pointed 
out  that  this  vessel  is  especially  liable  to  injury  from  sudden  flexures  of 
the  leg,  especially  when  the  middle  coat  is  rendered  brittle  by  calcare- 
ous infiltration.    But  besides  that,  the  vessel  is  so  situated  as  to  be  liable 
to  localized  increase  of  blood-pressure.    As  it  is  sues  from  the  popliteal 
space  the  artery  passes  between  the  two  heads  of  the  gastrocnemius,  and 
is  liable  to  constriction  by  the  contraction  of  the  muscle.    On  this  prin- 
ciple has  been  explained  the  frequency  of  popliteal  aneurism  in  flunkies 
whose  principal  occupation  is  to  exercise  their  gastrocnemii  in  standing. 
But  apart  from  that,  when  a  person  makes  a  severe  exertion  in  a 
standing  posture,  the  gastrocnemii  contract  vigorously,  thus  producing 
a  partial  obstruction  of  the  artery  and  an  increase  of  pressure  above 
the  obstructed  part,  while  the  general  blood-pressure  is  also  increased. 
Before  leaving  the  subject  of  the  causation  of  aneurisms  it  should  be 
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mentioned  that  anything  which  weakens  the  wall  of  an  artery  will 
render  it  liable  to  dilatation.  Thus  a  blow  whose  effects  extend  deeply 
enough  to  affect  the  arterial  coats,  a  piece  of  fractured  bone  pushed 
against  an  artery,  may  be  regarded  as  causes.  Again  it  has  been 
pointed  out  by  Ponfick  that  embolism  is  a  frequent  cause  of  aneurism 
in  the  cerebral  vessels,  the  embolus  injuring  the  walls  of  the  artery. 

The  Coats  of  the  Artery  in  Aneurisms. — We  have  next  to 
study  the  development  and  growth  of  aneurisms,  and  in  connection 
with  that  the  comportment  of  the  various  coats  of  the  vessel.  An 
aneurism  begins  in  a  little  pouching  of  a  limited  portion  of  the  artery. 
Even  at  this  early  stage  the  middle  coat  is  already  impaired,  and  it  has 
probably  been  affected  to  begin  with.  Such  pouches,  into  which  one 
can  put  the  tip  of  the  finger,  are  often  to  be  seen  in  an  atheromatous 
aorta.  The  little  pouch  enlarges.  It  may  enlarge  laterally  so  as  to 
comprehend  more  and  more  of  the  vessel  in  its  length  and  circumference. 
In  that  case  it  forms  a  fusiform  or  cylindrical  aneurism.  On  the  other 
hand  the  pouch  may  deepen,  and  while  its  opening  remains  small, 
it  enlarges  outwards  in  all  directions  into  a  distinct  sac.  The  walls 
of  the  sac  around  the  aperture  often  apply  themselves  to  the  external 
surface  of  the  artery,  and  these  may  become  mutually  adherent.  In 
that  case  the  aperture  has  a  sharp  edge,  and  it  appears  as  if  the  wall 
of  the  artery  were  folded  over  so  as  to  form  the  wall  of  the  aneurism. 
A  sacculated  aneurism  sometimes  develops  out  of  a  fusiform  one; 
at  a  particular  part  of  the  wall  a  special  dilatation  begins  and  goes  on 
increasing. 

The  internal  coat  enters  variously  into  the  constitution  of  the 
aneurismal  wall.  In  the  case  of  a  fusiform  aneurism  it  is  continu- 
ous over  the  internal  surface,  and  probably  presents  very  marked 
atheromatous  changes.  In  the  sacculated  form  it  is  usually  to  be  traced 
some  little  distance  from  the  edge  of  the  aperture  on  the  wall  of  the 
aneu.rism,  and  even  in  the  midst  of  the  internal  surface  of  the  sac  pieces 
of  internal  coat,  greatly  altered  as  a  rule,  may  be  discovered. 

The  middle  coat  appears  to  be  passively  affected  in  the  formation  of 
the  aneurism.  Its  fibres  are  loosened  and  stretched  as  dilatation  occurs, 
and  from  the  first  are  liable  to  degeneration.  Even  in  fusiform 
aneurisms  it  is  often  difficult  to  trace  the  middle  coat  far  from  the 
beginning  of  the  dilatation. 

The  external  coat,  on  the  other  hand,  may  be  regarded  as  forming 
the  chief  constituent  of  the  sac.    It  is  composed  of  connective  tissue, 
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and,  as  the  aneurism  grows,  inflammatory  processes  occur  and  new  con- 
nective tissue  is  formed,  so  that  the  sac  does  not  necessarily  undergo 
thinning  as  it  enlarges.  The  connective  tissue  of  the  external  coat 
usually  makes  common  cause  with  that  of  neighbouring  structures, 
and  so  the  aneurism  acquires  adhesions,  and  the  surrounding  structures 
come  to  form,  to  a  certain  extent,  constituents  of  the  sac. 

The  connective  tissue  formation  in  the  external  coat  generally  keeps 
pace  with  the  enlargement  of  the  sac,  especially  if  it  be  slow  of  growth, 
but  there  are  circumstances  in  which  this  is  interfered  with.  If  the. 
aneurism  comes  to  project  against  an  osseous  structure  like  the  verte- 
brae or  the  sternum,  then  the  wall  of  the  sac,  being  compressed  by  the 
recurrent  wave  of  blood  against  the  resisting  tissue,  atrophies,  and  the 
bare  bone  comes  to  be  exposed  and  to  form  part  of  the  sac,  the  j)roper 
connective  tissue  wall  being  adherent  to  the  bone  around.  Under  cir- 
cumstances like  these  the  sac  is  apt  to  get  loosened  from  the  bone  and 
haemorrhage  is  a  frequent  consequence.  It  is  for  this  reason  that 
haemorrhage  is  so  frequent  in  aneurisms  of  the  aorta  which  project 
against  the  vertebral  column.  Again,  if  the  aneurism  grows  very 
quickly,  or  if  the  sac  is  imperfectly  supported  at  any  particular  place, 
then  the  connective  tissue  covering  may  give  way.  The  blood  issuing  may 
collect  in  the  tissue  around,  forming  a  secondary  sac  for  itself,  and  so  we 
may  have  a  spurious  aneurism  attached  to  a  true  one.  Or  the  bleeding 
may  be  into  a  large  cavity  or  canal,  and  lead,  as  we  shall  see  after- 
wards, to  fatal  results. 

Thrombi  in  Aneurisms.— It  is  well  known  that  blood-clots  are  of 
nearly  constant  occurrence  in  aneurisms,  and  they  may  almost  be  re- 
garded as  constituents  of  the  sac,  as  they  doubtless  aid  to  a  great 
extent  in  preventing  rupture.  Coagula  are  most  frequent  and  most 
important  in  sacculated  aneurisms.  We  meet  with  them  in  the  form 
of  firm,  dry  layers,  which  present  a  distinct  stratification  generally 
parallel  to  the  wall  of  the  aneurism.  The  coagula  often  form  a  kind 
of  sac  inside  the  proper  sac,  and  after  removal  retain  the  shape  of  the 
aneurism.  The  coagula  are  primarily  white  thrombi.  The  white 
blood  corpuscles  adhere  to  the  rough  internal  wall  of  the  aneurism,  and 
after  they  have  accumulated  to  some  extent  coagulation  occurs  and  a 
thrombus  is  formed.  This  process  is  repeated,  and  the  formation  of 
fibrine  is  thus  in  successive  layers.  Not  infrequently  the  layers  become 
partially  separated,  and  the  blood  insinuates  itself  between  them.  A 
layer  of  whole  blood  is  thus  formed,  and  when  it  coagulates  we 
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have  a  red  thrombus  mixed  with  the  white.  As  time  goes  on  the  clots 
become  firmer,  drier,  and  more  stringy.  The  layers  next  the  sac  are 
often  of  a  pearly  whiteness,  and  may  be  taken  for  connective  tissue. 
Under  the  microscope,  however,  they  are  seen  to  be  devoid  of  definite 
structure,  and  acetic  acid  brings  out  no  elongated  nuclei  as  in  the  case 
of  connective  tissue.  There  seems  little  tendency  to  the  organization 
of  these  coagula  unless  the  whole  aneurism  becomes  filled  and  its  cavity 
obliterated  by  them.  The  continual  distension  of  the  cavity  seems  to 
interfere  with  the  process  of  organization ;  but,  if  the  cavity  be  oblit- 
erated by  the  formation  of  clots,  then  organization  proceeds,  and  by 
and  by  the  aneurism  is  converted  into  a  connective-tissue  nodule  which 
contracts  more  and  more. 

The  CONDITION  OF  BRANCHES  given  ofF  at  the  seat  of  an  aneurism  is 
a  matter  of  great  importance.  These  vessels  are  frequently  obstructed, 
and  there  are  various  ways  in  which  this  may  come  about.  The  ather- 
omatous process  may  occur  to  such  an  extent  around  the  orifice  of  a 
branch  as  to  narrow  or  even  obhterate  it.  This  is  most  frequent  in 
small  arteries  hke  the  intercostals,  but  is  not  uncommon  in  larger 
branches.  Again,  the  coagula  may  come  to  overlie  the  aperture, 
already  narrowed,  it  may  be,  by  atheroma.  Further,  it  will  be  apparent 
that,  as  an  aneurism  enlarges,  especially  a  sacculated  one,  it  will  often 
drao-  on  and  contort  vessels  whose  apertures  are  in  or  near  its  walls. 


Fig.  lS2.-Aneurism  of  the  abdominal  aorta  with  clots  tunneUed  so  as  to  allow  the 
blood  to  reach  the  branches.     The  general  lie  of  the  f  ratification  of  the  clots  ^ 
The  coeliac  axis  and  superior  mesenteric  artery  are  seen  to  be  ii^rrowed  at  thei  onfic^. 
posterior  wall  of  the  aneurism  is  absent  where  it  impmged  agamst  the  vertebnB.    Half  the 
natural  size. 

The  aperture  may  thus  be  reduced  to  a  fissure,  and  the  edge  maybe  so 
placed  as  to  valve  the  aperture.  This  is  particulariy  the  case  in  the 
sacculated  aneurisms  of  the  arch  of  the  aorta.    Sometimes  by  the  en- 
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largement  of  an  aneiirism  the  aperture  of  the  branch  is  to  be  found  at 
the  summit  of  the  aneurism.  In  that  case  the  ajDerture  may  be  ob- 
structed in  one  of  the  ways  already  described,  but  it  not  infrequently 
remains  at  least  partially  free.  The  coagula  may  even  be  tunnelled  in 
order  to  allow  the  current  to  flow  into  the  branches  (see  Fig.  182). 
This  channelhng  of  the  clots  occurs  mostly  where  the  branch  passes  off 
nearly  in  the  axis  of  the  artery ;  if  it  pass  off  more  at  a  right  angle  the 
clots  are  apt  to  close  the  aperture.  Another  mode  of  closure  is  by  the 
pressure  of  the  aneurism  itself  on  the  branch  beyond  the  aperture. 
If  a  branch  be  closed  in  any  of  these  ways  it  becomes  the  seat  of  a 
thrombus,  and  in  the  usual  way  becomes  converted  into  a  solid  cord.  In 
regard  to  the  condition  of  branches  it  is  lastly  to  be  observed  that  the 
aneurism  may,  as  it  were,  be  continued  into  the  branch,  the  first  part 
of  the  latter  being  dilated  along  with  the  aneurism. 

Effects  on  the  Heaet.  — Aneurisms  affect  the  heart  somewhat  vari- 
ously. It  is  frequently  depressed  by  the  mere  presence  of  the  aneurism 
at  its  base.  Room  must  be  afforded  for  the  increasing  tumour,  and  as 
the  position  of  the  aorta  forbids  much  movement  upwards,  the  heart  is 
pushed  somewhat  downwards.  The  extent  of  displacement  will,  of 
course,  depend  on  the  position  and  size  of  the  aneurism.  Besides  this, 
the  heart  often  undergoes  enlargement,  especially  of  the  left  ventricle. 
It  is  clear  that  in  distending  the  aneurism  a  considerable  amount  of  the 
force  of  the  left  ventricle  is  wasted,  and  on  principles  already  consid- 
ered the  ventricle  must  act  more  powerfully  ;  the  hypertrophy  is  there- 
fore compensatory. 

Effects  on  parts  around. — The  effects  of  the  aneurism  on  other 
parts  will  depend  on  the  amount  of  pressure  exercised,  and  the  nature 
of  the  structures  involved.  An  aneurism  often  presses  on  nerves,  caus- 
ing primarily  irritation  of  them  and  sometimes  ultimately  interruption 
and  consequent  loss  of  function.  Thus  they  often  produce  violent 
pains,  and  even  symptoms  of  angina  pectoris  when  the  nerves  of  the 
heart  are  pressed  on.  By  imtation  of  the  recurrent  laryngeal  nerve 
they  may  cause  spasm  of  the  laryngeal  muscles,  or  by  destroying  the 
nerve  lead  to  their  paralysis.  The  various  canals  within  the  chest — the 
trachea,  bronchi,  oesophagus,  venous  stems — are  often  narrowed  or  com- 
pletely obstructed,  so  that  a  great  variety  of  symptoms  are  produced. 
When  an  aneurism  meets  with  a  firm  structure  such  as  bone,  it  erodes 
It,  as  we  have  already  seen.    Cartilage  resists  more  than  bone;  and  in 
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the  case  of  an  aneurism  advancing  to  the  front  of  the  chest  we  may  find 
sternum  and  osseous  ribs  much  eroded  while  the  cartilaginous  ribs, 
almost  isolated,  are  very  little  destroyed. 

Terminations. — Aneurisms  have  somewhat  various  terminations, 
much  the  commonest  being  unfortunate.  Sometimes,  although  very 
rarely,  a  spontaneous  cure  occurs.  It  sometimes  happens  that  the 
artery  is  pressed  on  by  the  bulging  aneurism  itself,  and  is  obliterated. 
Or  the  aneurism  having  burst,  the  blood  collecting  outside,  by  its  pres- 
sure, obliterates  the  aneurism.  It  is  well  known  that  obliteration  of 
the  artery  is  often  effected  by  ligaturing  it.  If  the  artery  is  obliterated, 
the  aneurism  fills  up  with  clot,  and  by  and  by  organization  occurs,  and 
the  aneurism  is  cured. 

But  the  majority  of  aneurisms  are  beyond  the  reach  of  surgical 
interference,  and  for  the  most  part  they  continue  enlarging  till  they 
lead  to  a  fatal  issue.    This  may  be  from  the  effects  of  pressure  on  parts 
around,  so  that  death  may  result  from  hypereemia  and  oedema  of  the 
lungs,  from  general  venous  engorgement  and  oedema,  from  marasmus,  and 
so  on.    But  even  more  frequently  the  aneurism  ends  by  rupture,  which 
occurs  in  various  directions  according  to  the  circumstances  of  the 
aneurism.    It  may  here  be  said  that  the  probability  of  rupture  is  by  no 
means  in  i3roportion  to  the  size  of  the  aneurism.    A  large  aneurism,  by 
the  amount  of  pressure  it  exercises,  will  probably,  by  its  irritation,  and 
by  causing  counter-jDressure  from  displaced  organs,  produce  sufficient 
support,  unless  it  comes  actually  to  the  surface  of  the  body  or  bulges 
into  a  cavity.    When  rupture  occurs  it  is  into  a  cavity  of  the  body,  as 
the  sac  of  the  pericardium,  the  pleura,  an  auricle  of  the  heart,  etc.  ;  or 
into  a  canal,  as  the  trachea,  bronchus,  another  arterj^  or  vein,  such  as 
the  pulmonary  artery  ;  or  into  the  substance  of  an  organ  as  the  lung  or 
brain  ;  or  among  the  muscles  or  connective  tissue  of  a  part.    The  mode 
in  which  the  rupture  comes  about  varies  somewhat.    The  aneurism 
may  rupture  into  a  cavity  or  on  the  surface  of  the  body  for  want  of  sup- 
port to  its  wall,  a  tear  by  and  by  occurring  in  the  sac.    Or  the 
aneurism  may  undermine  a  mucous  membrane  or  the  skin,  and  produce 
a  necrosis,  rupture  occurring  on  the  separation  of  the  slough.    Or  the 
aneurism  may  induce  inflammation  of  the  mucous  membrane,  and  the 
softened  tissue  may  give  way.    We  have  already  seen  that  in  the  case 
of  an  aneurism  meeting  an  osseous  structure  a  gap  may  occur  in  the  wall 
of  its  proper  sac,  and  the  edge  of  the  gap  may  become  detached  from 
the  bone,  and  so  occasion  a  rupture.    The  rupture  is  not  usually  at  the 
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very  first  fatal ;  there  is,  to  begin  with,  a  slight  leakage^  of  blood 
through  irregular  apertures  which  get  occasionally  closed  with  blood- 
clot.  But  from  some  accidental  increase  of  blood-pressure  or  other 
cause  the  aperture  is  enlarged,  and  a  fatal  haemorrhage  is  the  result. 
Or  death  comes  from  exhaustion  due  to  the  prolonged  drain  and  the 
interference  with  function  that  the  aneurism  otherwise  produces. 

Varieties  of  Aneurisms. — There  are  certain  lesions  to  which  the 
name  aneurism  is  commonly  given,  but  which  do  not  accord  with  the 
description  given  above,  and  these  merit  a  brief  description. 

The  cirsoid  aneurism  and  the  aneurism  by  anastomosis  are 
somewhat  allied  forms.  The  cirsoid  aneurism  is  sometimes  called  varix 
arteriahs,  and  the  name  is  suggestive  of  the  condition  presented.  A 
portion  of  artery  with  its  branches  becomes  elongated  and  widened, 
and  the  vessels  become  convoluted  like  varicose  veins.  Some- 
tinies  the  dilatation  extends  to  the  corresponding  capillaries  and 
veins.  This  form  of  aneurism  occurs  most  frequently  in  the  arteries 
of  the  scalp  arid  face,  especially  the  temporal  and  occipital,  and  the 
enlarged  and  tortuous  vessels  are  to  be  felt  under  the  skin.  The 
aneurism  by  anastomosis  is  almost  an  arterial  vascular  tumour.  There 
is  enlargement  and  lengthening  of  a  large  number  of  small  arteries, 
with  probably  new-formation  of  arteries,  and  the  mass  of  arteries  can 
be  felt  Kke  pulsating  worms  under  the  skin.  The  enlargement  may 
extend  to  the  capillaries.  The  affection  forms  a  distinct  growth  of  a 
bluish  red  colour,  and  with  a  somewhat  granular  surface.  Its  most 
frequent  seat  is  the  scalp. 

The  traumatic  aneurism  arises  in  consequence  of  an  injury  to  a 
vessel.  An  injury  has  been  sustained,  and  after  a  longer  or  shorter 
period  an  aneurism  appears.  The  mode  in  which  such  aneurisms  arise 
varies  in  different  cases.  In  some  cases  an  artery  is  wounded,  and 
the  blood  makes  a  cavity  for  itself.  The  cavity  remains  in  communica- 
tion with  the  artery,  and  forms  a  kind  of  aneurismal  sac.  This  is  not 
a  common  result  of  wounds  of  arteries,  as  these  usually  close,  but  it  does 
occur,  and  most  readily  when  the  wound  has  been  an  oblique  or  longi- 
tudinal one.  It  may  result  from  a  wound  penetrating  from  the  surface, 
but  of  such  a  form  as  to  prevent  the  escape  of  the  blood  from  the  sur- 
face, or  it  may  result  from  a  broken  bone  tearing  the  coats.  An 
aneurism  arising  in  this  way  by  direct  rupture  is  called  a  SPURIOUS 
aneurism,  as  it  does  not  arise  from  dilatation  of  the  vessel. 
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But  there  are  some  cases  of  traumatic  aneurism  which  are  more 
slow  of  formation  and  in  which  it  is  not  probable  that  any  distinct  tear 
through  the  whole  coats  has  occurred.  In  the  fully  developed  aneurism 
it  is  impossible  to  trace  the  exact  mode  of  origin,  but  it  is  probable  that 
in  many  cases  a  fractured  bone  projected  against  a  vessel  injures  or 
even  ruptures  the  middle  coat,  and  possibly  the  internal  as  well.  We 
know  that  in  applying  a  ligature  these  two  coats  give  way,  and  we  can 
conceive  a  violent  force  applied  to  the  wall  producing  the  same  result.  A 
simple  blow  may  act  in  a  similar  way,  but  it  will  do  so  the  more  readily  if 
the  middle  coat  be  already  brittle  from  calcareous  infiltration.  Many  of 
the  aneurisms  of  the  femoral  and  popliteal  arteries  are  referred  to  blows 
and  injuries  ;  but  these  are  not  all  to  be  regarded  as  pure  traumatic 
aneurisms,  as  the  arterial  coats  are  frequently  so  altered  by  atheroma 
and  calcareous  infiltration  as  to  make  the  injury  merely  the  determin- 
ing cause. 

Traumatic  aneurisms,  as  appears  from  what  has  been  said  as  to  their 
origin,  have  usually  less  defined  sacs  than  spontaneous  ones.  This 
is  especially  the  case  in  those  which  arise  directly  from  wounds. 
The  blood  makes  an  irregular  cavity  for  itself.  In  the  other  case, 
where  the  coats  are  injured  but  the  external  coat  is  preserved,  the  sac 
may  be  more  distinct,  but  is  likely  to  be  thin. 

The  Dissecting  Aneurism  is  a  somewhat  interesting  form,  arising 
apparently  by  rupture  of  the  internal  coat,  and  partially  of  the 
middle.  It  sometimes  arises  from  an  injury,  and  is  thus  a  trau- 
matic aneurism,  but  it  occasionally  occurs  spontaneously,  and  there 
is  no  form  of  aneurism  which  is  so  frequently  multiple  as  this.  The 
author  has  met  with  a  case  in  which  there  were  four  separate 
dissecting  aneurisms  on  the  aorta  and  its  branches.  It  may  be  in- 
ferred from  this  fact  that  in  these  cases  there  is  often  an  abnormal 
brittleness  of  the  internal  coat,  apparently  not  due  to  atheroma  or  any 
other  definite  disease  of  the  coat,  but  an  inherited  or  acquired  brittle- 
ness. The  internal  coat  is  torn  through,  and  the  blood  passes  among 
the  fibres  of  the  middle  coat.  It  is  not  that  the  middle  coat  is  dissected 
up  from  the  internal  coat,  but  the  layers  of  the  middle  coat  itself  are 
separated,  and  the  blood  lies  between  an  external  and  internal  layer  of 
the  middle  coat,  as  in  Fig.  183.  The  splitting  up  of  the  middle  coat 
may  be  carried  a  considerable  distance,  and  after  passing  along  in  the 
wall  of  the  vessel  the  blood  may  make  another  tear  in  the  internal  coat 
and  pass  back  into  the  vessel.    The  aneurism  may  thus  come  to  have 
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two  apertures,  and  a  condition  ma}^  occur  as  if  the  vessel  were  formed 
of  a  double  tube,  divided  longitudinally  by  a  septum  composed  of  the 
internal  and  a  part  of  the  middle  coat.  The  circulation  may  even  be 
carried  on  to  a  great  extent  through  the  aneurism,  the  blood  passing  in 
at  the  original  aperture  and  out  at  the  secondary  one.  In  that  case  the 
proper  calibre  of  the  artery  may  become  considerably  narrowed.  The 
approximation  of  such  an  aneurism  in  character  to  the  regular  channel  is 
still  further  increased  by  the  fact  that  the  aneurism  by  and  by  acquires 
an  internal  lining  resembling  the  internal  coat.  It  is  a  homogeneous 
membrane  of  about  the  thickness  of  the  internal  coat,  so  that  in  a  sec- 
tion it  may  be  difficult,  even  under  the  microscope,  to  say  whether  a 
particular  place  is  wall  of  vessel  or  wall  of  aneurism  (see  Fig.  183).  In 


Fig.  183.— Section  of  jiortion  of  a  dissecting  aneurism  of  the  aorta.  At  the  left  there  is  the 
entire  wall  of  the  artery,  a  being  external,  and  h  middle  coat.  The  middle  coat  is  split  so  as 
to  form  the  aneurism.  At  d,  d,  a  kind  of  internal  coat  is  formed  to  the  aneurism,  but  this  is 
the  seat  of  fatty  degeneration  at  e.    x  lo. 


the  case  already  referred  to,  one  of  the  aneurisms  began  in  the  thoracic 
aorta,  and  was  continued  down  into  the  iHac  arteries.  There  were  two 
apertures,  one  in  the  thoracic,  and  the  other  far  down  in  the  abdominal 
aorta,  and  between  these  the  aneurism  had  evidently  carried  on  the 
circulation  to  a  greater  extent  than  the  natural  channel.  Dissecting 
aneurisms  being  confined  to  the  wall  of  the  vessel  will  appear  externally 
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as  tliickonings  or  dilatations  of  the  wall,  and  they  may  produce  bulging 
or  bagging  of  the  vessel  to  a  remarkable  degree.    Occasionally,  a  dis 
secting  aneurism  tears  through  the  remaining  layers  of  the  middle  coat 
and  the  external  coat,  and  so  a  spurious  aneurism  is  attached  to  a 
dissecting  one. 

Varicose  Aneurism  is  a  term  appHed  to  the  case  in  which  an 
artery  and  vein  acquire  a  permanent  abnormal  communication.  It  may 
arise  spontaneously  or  traumatically.  This  form  used  to  be  not  uncom- 
mon at  the  bend  of  the  elbow,  when,  in  performing  venesection,  the  lancet 
wounded  artery  and  vein  together.  It  occurs  spontaneously  when  an 
aneurism  ruptures  into  a  vein.  In  some  cases  there  is  an  actual 
aneurismal  sac  between  artery  and  vein,  and  to  this  form  the  name 
VARICOSE  aneurism  is  more  properly  applied.  But  the  communica- 
tion may  be  direct,  and  while  the  artery  is  little  dilated  the  vein  is 
enlarged,  tortuous,  and  pulsating.  To  this  form  the  name  aneur- 
ismal VARIX  is  applied.  The  interference  with  the  venous  current 
j)roduced  by  the  violent  injection  of  the  arterial  blood,  especially 
if  it  be  suddenly  produced,  may  lead  to  serious  venous  engorgement 
and  oedema,  which  may  even  have  a  fatal  issue.  Spontaneous  com- 
munications of  this  kind  have  been  observed  between  the  aorta  and 
venae  cavse,  between  the  crural  and  popliteal  arteries  and  the  correspond- 
ing veins,  between  the  splenic  artery  and  azygos  vein,  and  between  the 
internal  carotid  and  the  sinus  cavernosus. 

VAEIX. 

Yarix  is  dilatation  of  veins  just  as  aneurism  is  dilatation  of  arteries. 
We  saw  that  some  weakening  of  the  wall  is  always  necessary  to  the 
occurrence  of  aneurism,  but  no  such  condition  is  required  in  the  pro- 
duction of  varicose  veins.  The  walls  of  veins  are  already  thin,  and  the 
blood-pressure  within  them  is  small.  In  the  case  of  the  veins  of  the 
skin  we  are  familiar  with  the  fact  that,  as  a  rule,  the  blood-pressure  is 
not  sufficient  to  overcome  the  atmospheric  pressure  to  any  considerable 
extent  and  the  veins  are  flattened  or  partially  collapsed,  a  slow  and 
weak  current  passing  through  them.  The  circulation  must  be  consider- 
ably excited,  or  the  veins  must  be  obstructed  in  order  to  make  them 
stand  out  as  cylinders  under  the  skin.  Such  being  the  case  it  may  be 
conceived  that  the  thin-walled  veins,  accustomed  to  a  slight  blood- 
l^ressure,  will  readily  dilate  when  exposed  to  an  increased  blood-pressure. 
Varix  then  is  always  due  to  some  cause  which  is  calculated  to  increase 
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the  blood-pressure  within  the  veins,  such  as  obstruction  of  the  veins  by 
thrombi,  tumours,  the  gravid  uterus,  passive  hypersemia  from  heart 
disease,  and  so  on.  It  will  be  convenient  to  refer  more  particularly  to 
the  causal  conditions  when  we  review  the  various  localities  in  which 
varix  occurs.  Meanwhile  the  mode  in  which  the  varicose  condition 
develops  will  be  considered. 

If  the  arm  be  grasped  firmly  above  the  elbow  so  as  to  obstruct  the 
superficial  veins  completely,  the  veins  of  the  forearm  will  swell  up,  and 
at  certain  points,  especially  where  branches  unite,  there  may  be  seen 
slight  swelhngs  hke  knots.    These  indicate  the  position  of  the  valves, 
the  knots  being  the  slight  dilatations  which  represent  the  sinuses  of  the 
valves.     In  the  early  stages  of  varix,  as  we  have  frequently  an  op- 
portunity of  seeing  it  in  the  legs,  there  is  simply  an  exaggeration  of 
this  natural  dilatation  above  the  valves.    When  we  stand  erect  the 
column  of  blood  in  the  veins  of  the  legs  is,  as  it  were,  supported  at  each 
valve,  and  the  downward  pressure  tells  on  the  valve  and  the  portion  of 
the  vessel  forming  the  valvular  sinus.    Hence  this  part  of  the  vessel  is 
the  first  to  dilate  when  the  blood-pressure  is  increased,  and  the  first 
sign  of  varix  is  an  exaggeration  of  the  knotted  state  of  the  vein.    At  the 
outset  each  valve  forms  a  kind  of  fixed  point,  the  dilatation  occurring  at 
its  level,  and  diminishing  as  the  valve  next  above  is  approached.  As 
the  dilatation  increases  and  extends  up  from  the  valve,  the  vein  in- 
creases in  length  as  well  as  in  cahbre,  and  in  order  to  be  accommo- 
dated it  begins  to  form  curves  or  convolutions.     Thus  begin  those 
sinuosities  which  are  so  characteristic  of  varicose  veins,  and  which  tend 
to  increase  as  time  goes  on.    The  dilatation  of  the  vein  has  a  tendency 
to  render  the  valves  incompetent,  and  this  occurs  all  the  sooner  as 
the  region  of  the  valves  is,  as  we  have  seen,  the  part  where  the  pressure 
is  most  exercised.    When  the  valves  become  incompetent  the  pressure 
tells  much  more  on  the  walls  of  the  veins  as  the  column  of  blood  is  not 
now  arrested  at  intervals.    The  pressure  acts  most  on  the  dependent 
parts  of  the  sinuosities,  and  will  increase  the  projection  of  these.  In 
this  way  we  may  have  wide  sinuses  with  their  convexity  downwards, 
and  in  some  cases  even  diverticula  or  pouches  projecting  from  the  veins. 
In  these  exaggerated  dilatations  the  blood  stagnates  greatly,  and  it  is 
not  uncommon  for  thrombosis  to  occur.    The  vein  is  obstructed  more 
or  less  completely  by  the  thrombus,  which  may  organize.   On  the  other 
hand,  the  latter  often  dries  in  and  becomes  impregnated  with  lime  salts. 
In  this  way  varicose  veins  frequently  become  the  seat  of  vein  stones  or 
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Of  the  various  forms  of  varicose  veins  those  of  the  lower  extremi- 
ties are  best  known.  As  we  have  seen  above,  the  cause  of  varicose 
veins  is  to  be  looked  for  in  increase  of  the  blood-pressure  in  these 
vessels,  but  various  circumstances  may  lead  to  this  increase  of  pressure. 
It  may  be  the  result  of  direct  obstruction  of  the  iliac  veins  by  the 
pressure  of  tumours,  etc.,  in  the  pelvis.  It  may  be  the  consequence  of 
prolonged  assumption  of  the  standing  posture,  especially  in  persons 
of  tall  stature.  In  persons  who  stand  about  much  the  muscles  of 
the  legs  are  frequently  in  a  state  of  contraction  so  that  the  blood  is 
forced  into  the  superficial  veins.  It  is  probal^le  however  that  the  intra- 
muscular veins  are  more  frequently  varicose  than  is  generally  supposed, 
and  they  may  even  be  affected  without  the  superficial  ones  being  much 
dilated.  Cramps  of  the  muscles  are  frequent  in  cases  of  varicose  veins, 
and  these  are  to  be  referred  to  stagnation  in  the  muscular  veins. 

Inflammation  of  a  chronic  kind  is  common  in  the  tissues  around 
varicose  veins  wherever  they  may  be,  and  so  in  the  skin  we  often  have 
very  persistent  eczema  with  a  brown  colouration  of  the  skin  which  may 
be  referred  to  haemorrhage  by  diapedesis  from  the  hypersemic  vessels. 
The  skin  is  indurated  and  thickened,  and  ulceration  is  often  induced. 
The  ulcer  is  sometimes  deep  and  sluggish  and  may  persist  for  years. 

A  varicose  vein  may  burst.  It  may  be  opened  by  the  ulcerative 
process,  or  it  may  come  to  the  surface  and  by  its  increasing  dilatation 
at  last  rupture.  In  the  case  of  the  leg  the  results  are  sometimes 
exceedingly  serious.  We  have  seen  that  one  effect  of  the  dilatation  is 
to  render  the  valves  incompetent,  and  if  the  varicosity  extends  up 
into  the  thigh,  the  veins  of  the  entire  leg  may  be  virtually  devoid 
of  valves.  But  the  veins  in  the  abdomen  are  normally  devoid  of 
valves,  and  so  it  may  come  about  that  from  the  lower  leg  up  to  the 
heart  there  may  be  a  single  column  of  blood  without  an  arresting  valve. 
If  now  a  vein  rupture  in  the  leg,  the  w^hole  system  up  to  the  heart  may 
be,  as  it  were,  tapped,  and  if  the  person  is  in  the  erect  posture  a  fatal 
haemorrhage  may  result.  The  haemorrhage  will  cease  if  the  person  lies 
down,  but  cases  have  been  known  in  which  an  immense,  amount  of 
blood  has  been  shed  into  the  boots  without  warning. 

Hj^morrhoids  are  varicose  veins  of  the  lower  rectum.  At  the 
lower  part  of  the  rectum  a  network  of  small  veins  surrounds  the  bowel, 
lying  immediately  under  the  mucous  membrane.  These  veins  com- 
municate with  the  inferior  mesenteric  vein  which  is  a  tributary  of  the 
portal,  and  with  the  internal  iliac  which  is  a  tributary  of  the  vena  cava. 
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Any  obstruction  in  the  portal  circulation  (such  as  cirrhosis  of  the  liver) 
or  any  abnormal  pressure  within  the  abdomen  is  apt  to  induce  dilatation 
of  this  htemorrhoidal  plexus.  The  dilated  veins  push  the  mucous 
membrane  before  them  and  protrude  as  bluish  flat  nodules  either  imme- 
diately wthin  or  without  the  anus.  They  may  a?sume  considerable 
dimensions.  The  knots  are  composed  originally  of  a  congeries  of  small 
convoluted  veins  (Fig.  184  £),  which  may  communicate  so  as  to  form  a 
kind  of  cavernous  tissue,  but  sometimes  there  are  large  ones  (Fig.  184 


Fig.  1S4. — Hfemorrhoids  of  rectum,  in  section,  natural  size,  r  is  internal  sm-face  of 
rectum,  and  m  the  mucous  membrane  continued  over  the  hfemoi-rhoid.  At  m'  is  repre- 
sented the  muscular  coat,  the  dilated  veins  being  in  the  submucous  tissue.  At  A,  the 
veins  are  few  but  much  dilated,  one  especially  so,  just  beneath  the  mucous  membrane. 
At  B,  the  dilated  veins  are  more  numerous,  but  smaller.  Both  occurred  in  the  same  case. 
(VmcHow.) 

Through  time  the  mucous  membrane  undergoes  alterations.  The  piles  at 
each  movement  of  the  bowels  are  exposed  to  mechanical  irritation,  and 
so  the  mucous  membrane  is  almost  constantly  in  a  state  of  catarrh.  Then 
at  intervals  when  the  blood-pressure  is  unusually  great  by  reason  of 
an  attack  of  inflammation  or  otherwise,  the  veins  rupture,  and  so  there 
is  bleeding  both  in  the  substance  of  the  mucous  membrane  and  on 
to  the  surface.  The  haemorrhoids  thus  get  greatly  altered.  They 
become  condensed  from  inflammatory  new-formation  of  connective 
tissue.  They  sometimes  become  the  seat  of  collections  of  blood,  which 
may  form  blood-cysts.  Phleboliths  may  also  form  in  the  veins.  More 
severe  inflammations  sometimes  occur,  resulting  in  abscesses,  fissures, 
fistulas,  ulcers. 

Varicocele  is  a  dilatation  of  the  veins  of  the  spermatic  cord  and 
the  external  scrotal  veins.  It  affects  in  a  greatly  preponderating 
proportion  the  left  side,  and  the  explanation  of  this  seems  to  be  that 
the  left  spermatic  vein  has  a  circuitous  course,  and  enters  the  renal  vein 
at  a  right  angle,  while  the  right  opens  into  the  lower  vena  cava.  The 


378 


DISEASES  OF  THE  ORGANS  OF  CIRCULATION. 


varicosity  generally  begins  at  the  external  inguinal  ring,  and  extends 
downwards  as  far  as  the  testicle.  There  is  not  infrequently  atrophy  of 
the  testicle,  and  sometimes  hydrocele  or  hsematocele. 

Varix  may  occur  in  other  veins,  such  as  those  of  the  neck  of  the 
bladder  and  prostate.  It  is  also  met  with  in  the  female  in  the  vesical 
plexus  and  veins  of  the  vagina,  and  this  may  be  combined  with  varix  of 
the  broad  ligament.  Varicosity  also  occurs  in  the  veins  of  the  dura 
mater. 


C— DISEASES  OF  THE  LYMPHATIC  SYSTEM,  SPLEEN, 

AND  BONE-MAKROW. 

THE  LYMPHATIC  VESSELS. 

We  have  already  had  occasion  to  observe  that  the  lymphatic  system 
is  intimately  related  to  the  blood  vascular  system,  and  may  be  regarded 
as  a  part  of  it.  We  have  also  seen  that  this  system  has  close  relations 
to  the  connective  tissue,  the  spaces  in  the  latter  being  lymph  spaces 
lined  with  endothelium  and  having  direct  connections  with  the  Ijonpha- 
tic  vessels.  Wherever  there  is  increased  exudation  from  the  blood- 
vessels the  serous  sjDaces  and  lymphatic  vessels  are  distended,  and  the 
current  through  them  increased.  We  have  seen  this  to  be  the  case  in 
inflammations  and  oedemas. 

Inflammation  of  the  Lymphatics.  Lymphangeitis. — The  lym- 
phatics are  liable  to  inflammations  of  a  more  independent  kind,  and 
warranting  the  name  lymphangeitis.  In  order  to  such  inflammation 
there  must  be  in  the  vessels  some  irritant,  and  the  irritant  is  similar  tv 
that  which  we  find  in  the  veins  in  suppurative  phlebitis,  namely  a  septic 
poison.  In  connection  Avith  wounds  which  have  been  exposed  to 
decomposing  juices,  such  as  dissecting  wounds,  we  sometimes  find  the 
course  of  the  lymphatic  vessels  marked  by  red  streaks  in  the  skin. 
These  represent  inflammation  of  the  lymphatics  and  surrounding  con- 
nective tissue.  The  inflammation  not  infrequently  goes  on  to  suppura- 
tion, so  that  abscesses  form  at  intervals  in  the  course  of  the  vessels  or  in 
the  lymphatic  glands.  It  is  to  be  presumed  that  the  material  which 
passes  into  the  vessels  owes  its  irritating  character  to  the  existence  in  it 
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of  minute  organisms,  and  that  these  propagate  inside  the  vessels  and  so 
the  inflammation  extends  onwards;  in  some  cases  minute  organisms 
have  been  found  in  the  dilated  and  inflamed  lymphatics.  Thus  decom- 
posing material  may  get  into  the  uterine  lymphatics  after  delivery, 
and  we  may  have  an  inflammation  extending  to  the  ligaments.  This 
seems  to  be  sometimes  the  primary  lesion  in  puerperal  fever. 

Erysipelas  and  other  phlegmonous  inflammations  of  the  skin  may 
be  regarded  as  inflammations  of  the  lymphatics,  or  at  least  of  the  serous 
spaces  which  form  the  radicles  of  the  lymphatics.  In  these  diseases,  as 
we  have  seen,  minute  organisms  extending,  give  rise  to  the  inflammations 
(see  figure  117,  p.  257).  The  abundance  of  bacteria  in  the  lymphatics 
of  the  skin  in  such  cases  may  be  such  as  to  render  the  lymphatic  vessels 
as  well  as  the  serous  spaces  peculiarly  prominent,  when  the  sections 
have  been  stained  by  aniline  dyes.  In  that  case  the  outlines  of  the 
serous  spaces  and  even  their  relation  to  the  lymphatic  radicles  may 
be  brought  out.  The  phlegmonous  inflammation  of  the  parotid  which 
occasionally  occurs  in  cases  of  septic  wounds  is  probably  of  a  similar 
nature.  Epidemic  parotitis  (mumps)  may  perhaps  be  placed  in  the 
same  category. 

We  have  already  seen  that  elephantiasis  frequently  begins  in  re- 
current attacks  resembling  erysipelas,  in  which  the  lymphatic  vessels 
are  obviously  engaged.  There  are  often  red  streaks  passing  up  the 
limb,  and  the  lymphatic  glands  may  be  enlarged.  The  irritation  here 
is  shghter  and  more  chronic.  The  inflammation  results  in  great  thick- 
ening of  the  connective  tissue,  but  there  is  often  along  with  it  dilatation 
of  the  lymphatic  vessels,  so  that  when  the  part  is  cut  into  an  abundant 
lymphatic  fluid  exudes  which  sometimes  contains  oil. 

Lymphangiectasis.— The  lymphatic  vessels  are  occasionally  the  seat 
of  dilatation,  but  this  is  of  comparatively  rare  occurrence.  Obstruction 
of  a  lymphatic  stem  may  produce  a  varicose  dilatation  of  the  vessels, 
and  even  their  rupture.  We  have  already  seen  this  to  be  the  case  when 
the  lymphatics  are  obstructed  by  the  ova  of  the  filaria  sanguinis,  re- 
sulting in  lymph-scrotum,  chyluria,  etc.  In  the  enlargement  of  the 
tongue  called  MACRO  GLOSS  A,  which  is  frequently  congenital,  there  is 
commonly  a  great  enlargement  of  the  lymphatics  which  may  form  con- 
siderable cysts.  The  dilatation  here  appears  to  be  due  to  obstruction  of 
the  lymphatics  from  interstitial  inflammation  of  the  connective  tissue, 
although  a  diff'erent  origin  has  been  asserted. 

There  is  sometimes  a  locahzed  dilatation  of  many  lymphatics  so  as 
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to  form  a  distinct  vascular  tumour.  These  tumours  are  usually  cavern- 
ous in  structure  and  are  classed  as  cavernous  lymphangiomas. 

We  sometimes  find  lymphatic  vessels  dilated  in  the  neighbourhood 
of  a  cancerous  tumour,  the  material  in  the  vessels  being  derived  from 
the  tumour.  This  occurs  mostly  in  the  case  of  cancers  which  are 
undergoing  softening.  It  is  most  frequently  seen  in  connection  with 
mammary  cancers,  where  the  lymphatics  may  have  the  form  of  firm 
cylinders  as  large  as  quills,  filled  with  white  material.  The  same  thing 
IS  seen  in  the  case  of  secondary  cancer  of  the  lung,  where  there  are 
nodules  immediately  under  the  pleura.  The  subpleural  lymphatics 
around  the  nodule  are  found,  as  it  were,  injected  with  white  material. 
So  is  it  sometimes  in  the  capsule  of  the  liver  when  cancerous  nodules 
are  near  the  surface.  These  naked-eye  appearances  indicate  how  prone 
cancerous  material  is  to  pass  into  the  lymphatics,  and,  under  the 
microscope,  at  the  margins  of  a  gromng  cancer  the  lymph-spaces  may 
sometimes  be  found  filled  with  the  epithehal  masses. 


THE  LYMPHATIC  GLANDS. 

It  will  be  useful  here  in  the  first  place  to  refer  to  some  of  the 
relations  of  lymphatic  glands  and  to  their  structure.  It  is  well 
known  that  all  lymphatic  vessels  connect  themselves  directly  with 
lymjDhatic  glands  so  that  no  Ij^mph  passes  into  the  circulation  with- 
out first  traversing  a  lymphatic  gland.  Dissolved  substances  intro- 
duced into  the  serous  spaces  of  the  skin  and  subcutaneous  tissue 
are  rapidly  carried  up  the  lymphatics  and  through  the  glands  into  the 
general  circulation ;  this  is  matter  of  experience  every  day  in  the  sub- 
cutaneous injection  of  medicinal  agents.  Granular  material,  however, 
does  not  pass  through  the  glands,  which  form  a  filter  for  all  solid  par- 
ticles. In  the  operation  of  TATTOOING  granular  pigment,  such  as  Indian 
ink  or  vermillion,  is  introduced  into  the  skin.  Part  of  it  remains  per- 
manently in  the  corium,  but  part  is  conveyed  up  the  Ijanphatics 
and  is  caught  by  the  glands,  where  it  remains  fixed.  So  is  it  in 
pathological  conditions.  The  lymphatic  glands  are  very  frequently 
associated  in  morbid  processes  which  are  occurring  in  parts  in  which 
the  vessels  passing  to  the  glands  take  origin.  Dissolved  and  sohd 
materials  are  thus  conveyed  to  the  glands,  and  according  to  the  nature 
of  the  material  will  it  affect  the  gland  or  not.  We  have  seen  that  in 
septic  inflammations  the  infective  material  is  often  conveyed  to  the 
gland  and  produces  inflammation  there.    As  this  material  is  presum- 
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ably  in  the  form  of  fine  particles  it  is  arrested  at  the  gland,  and  the 
inflammation  makes  a  pause  there  only  to  proceed  further,  if  the  organ- 
isms propagate  onwards.  But  even  in  the  case  of  simple  inflammations, 
although  the  products  are  for  the  most  part  dissolved,  still  they 
are  frequently  of  an  irritating  nature  and  the  glands  inflame.  We 
have  already  seen  that  solid  material  from  cancers  is  often  con- 
veyed along  the  lymphatic  vessels  and  is  caught  at  the  glands.  It  is 
to  be  observed  that  in  all  these  cases  the  material  may  produce  no  irri- 
tation in  the  lymphatic  vessels  along  which  it  is  being  conveyed.  If 
concentrated  or  very  virulent  it  will  do  so,  but  it  often  does  not,  and  it 
is  only  after  lying  in  the  glands  for  a  time,  and,  it  may  be,  increasing  by 
self-propagation  that  it  produces  its  results.  In  that  case  a  wide  inter- 
val of  healthy  structure  intervenes  between  the  primary  disease  and 
the  lymphatic  gland,  and  so  it  is  common  to  speak  of  sympathy  and 
metastasis  in  this  connection.    Most  of  the  lesions  to  which  the  glands 


Pig.  185.--Section  of  normal  lymphatic  gland;  a,  a,  a,  foUlcular  oi-  Ijntnplioid  cords:  c,  c,  lymph 
amuses;  6.  h,  connective-tissue  trabeculaj;  d,  d,  blood-vessels. 


are  liable  are  embraced  among  metastatic  or  sympathetic  aff"ections,  but 
there  are  some  which  may  be  regarded  as  idiopathic.    There  are  even 
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some  inflammations  which  cannot  be  traced  to  a  periijhcral  cause, 
although  it  is  sometimes  difficult  to  he  sure  that  no  such  cause  exists. 

The  apparatus  by  which  the  filtration  of  the  lymph  is  effected  de- 
serves a  passing  notice,  and  is  illustrated  in  Fig.  185.  When  the 
afferent  lymphatic  vessel  coming  from  the  periphery  reaches  the  gland, 
it  first  forms  a  plexus  in  the  capsule.  On  the  other  hand  the  efferent 
vessel  emerges  from  a  plexus  of  vessels  at  the  hilus,  and  this  plexus  is 
connected  with  the  medullary  portion  of  the  gland.  In  passing  from 
the  afferent  to  the  efferent  vessel,  the  lymph  traverses  a  series  of 
sinuses  c,  c,  in  figure.  The  sinuses  are  not  clear  spaces  but  contain  a 
reticulum  or  mesh  work  shown  in  the  figure.  These  sinuses  surround  the 
proper  glandular  tissue  which  is  in  the  form  of  rounded  follicles  or  cords 
composed  of  densely  packed  lymph  cells  (a,  a,  in  figure).  The  lymph 
first  passes  from  the  afferent  plexus  into  the  sinuses  of  the  cortex,  then 
into  those  of  the  medullary  part,  where  originate  the  radicles  of  the 
efferent  vessel.  The  sinuses  being  occupied  by  the  fine  reticulum  will 
catch  solid  particles  brought  to  the  gland,  and  such  particles  will 
therefore  be  most  readily  caught  at  the  cortical  portion  of  the  gland. 

Pigmentation  of  the  Glands. — We  have  seen  how  pigment 
artificially  introduced  into  the  lymphatics,  is  arrested  at  the  glands. 
Similarly,  pigment  is  carried  from  the  lungs  and  deposited  in  the 
bronchial  glands.  Again,  in  cases  of  extravasation  of  blood,  or  in  inflam- 
mations with  considerable  haemorrhage,  the  altered  pigment  is  conveyed 
to  the  lymphatic  glands,  and  may  produce  considerable  colouration 
there. 

The  pigment  is  conveyed,  in  part  at  least,  by  the  lymphoid  cells,  which 
are  to  be  found  in  the  lymphatic  fluid.  Arrived  at  the  gland,  the  pigment 
is  first  caught  by  the  stellate  cells  which  form  the  reticulum  in  the  sinuses 
of  the  cortex,  and  hence  in  the  earher  stages  we  may  have  the  sinuses 
marked  out  by  the  pigmentation.  If  it  continues  to  arrive  at  the 
gland,  it  extends  into  the  follicles  and  finally  the  whole  gland  max 
be  deeply  and  uniformly  coloured.  When  present  in  such  quantity  the 
pigment,  although  generally  non-irritating,  produces  a  chronic  inflamma- 
tion. There  is  increase  of  the  connective  tissue  forming  the  trabeculse, 
and  a  corresponding  atrophy  of  the  glandular  follicles.  The  affected 
gland  in  addition  to  the  pigmentation  is  enlarged  and  hard.  The  gland 
in  this  state  is  probably  to  a  large  extent  stuffed  up  by  the  pigment  and 
rendered  impervious.  When  this  is  the  case  the  lymph  probably  passes 
by  anastomosing  vessels  to  other  glands  which  in  their  turn  become 
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pigmented.  In  this  way  we  may  explain  how  pigmentation  sometimes 
extends  from  gland  to  gland  in  the  central  direction.  Thus  in  anthra- 
cosis  of  the  lungs  we  may  have  not  only  the  bronchial  glands  but  also 
those  of  the  mediastinum,  and  even  those  at  the  porta  of  the  liver 
pigmented. 

What  has  been  said  in  regard  to  pigment  applies  also  to  other  solid 
materials  introduced  similarly  into  the  lymphatics.  In  stone  masons 
the  particles  of  stone  which  get  into  the  parenchyma  of  the  lung  are  in 
part  carried  to  the  glands,  where  they  produce  similar  changes  to  those 
mentioned,  but  even  more  readily,  as  from  their  mechanically  irritating 
•characters  they  are  more  apt  to  produce  chronic  inflammation. 

Acute  Inflammation  of  Lymphatic  Glands,  Lymphadenitis. — 
As  has  already  been  said,  this  condition  is  nearly  always  a  result  of 
inflammation  in  the  peripheral  parts  from  which  the  vessels  come  to 
the  gland.  It  has  to  be  added,  however,  that  in  difierent  persons  there 
are  great  differences  in  the  susceptibility  to  sympathetic  inflammation, 
so  that  in  some  a  slight  catarrh  of  a  mucous  membrane  may  set  up  an 
inflammatory  enlargement,  which,  however,  is  not  usually  very  acute. 
The  greater  number  of  the  acute  inflammations  are  infective.  The 
inflammations  following  dissecting  wounds,  those  resulting  from 
chancres,  and  the  inflammation  of  the  mesenteric  glands  in  typhoid 
fever  may  be  taken  as  examples.  * 

The  inflamed  gland  is  enlarged,  its  vessels  hyperajmic,  and  the 
tissue  softened.  The  enlargement  is  due  to  a  great  increase  of  lym- 
phoid cells  which  accumulate  largely  in  the  sinuses.  The  stellate  cells 
forming  the  reticulum  of  the  sinus  also  swell,  and  their  nuclei  divide. 
The  exact  source  of  the  added  lymphoid  cells  is  difficult  to  determine 
with  certainty.  They  may  arise  by  division  of  the  existing  cells  of  the 
gland,  and  we  know  that  the  gland  is  normally  occupied  in  cell-forma- 
tion; but  they  may  have  their  origin  in  part  in  the  emigration  of  white 
corpuscles  from  the  vessels,  and  further,  the  primary  inflammation  of 
the  periphery  may  send  its  contingent.  The  inflammation  may  subside 
and  the  gland  return  to  its  normal  condition;  the  new-formed  cells  may 
possibly  pass  on  into  the  elferent  vessel  and  be  disposed  of  in  the 
circulation.  Not  infrequently  suppuration  occurs,  the  tissue  of  the 
gland  breaks  down  and  an  abscess  is  the  result.  We  have  thus  a 
SUPPURATING  BUBO.  The  inflammation  usually  extends  to  the  capsule 
and  surrounding  tissue  which  is  involved  in  the  suppuration.  In  this 
way  the  abscess  advances,  and  the  pus  is  finally  discharged  at  a  surface. 
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It  is  a  common  occurrence  for  such  abscesses  to  discharge  on  the  surface 
of  the  body,  but  they  may  burst  into  bronchi,  into  serous  cavities,  etc. 
If  the  inflammation  be  of  an  infective  nature  colonies  of  bacteria  may 
be  found  in  the  pus.  Organisms  have  been  found,  for  instance,  in  the 
pus  of  inflamed  glands  in  pyaemia  and  in  splenic  fever.  It  is  to  be 
added  that  some  of  these  severe  inflammations  have  a  haemorrhagic  and 
even  a  necrotic  or  gangrenous  character. 

Chronic  Lymphadenitis. — This  term  might  be  made  to  include  a 
number  of  conditions  which  will  be  afterwards  referred  to  as  occurring 
in  leuksemia,  Hodgkin's  disease,  etc.,  as  well  as  scrofulous  disease  of 
the  glands.  Apart  from  these  we  have  a  chronic  inflammation  in  con- 
nection with  prolonged  irritation  of  the  glands.  We  have  seen  this  in 
the  case  of  the  introduction  of  foreign  substances,  where  the  solid 
particles  are  conveyed  to  the  glands.  It  occurs  also  in  connection  vnth. 
prolonged  peripheral  irritation,  as  where  an  eczema  of  the  leg  or  the 
scalp  produces  an  enlargement  of  the  corresponding  glands.  The  in- 
flammation here  results  in  increase  of  the  entire  elements  of  the  gland, 
or  else  in  a  preponderating  increase  of  the  connective-tissue  stroma  such 
as  we  saw  to  occur  in  the  induration  associated  with  pigmentation. 

Scrofulous  Disease  of  the  Lymphatic  Glands. — This  is  a  con- 
dition concerning  which  considerable  diff"erence  of  opinion  has  existed. 
The  process  is  a  very  chronic  one,  and  in  many  of  its  features  it  may  be 
regarded  as  an  inflammation,  but  it  is  an  inflammation  presenting  the 
peculiarity  that  caseous  necrosis  is  of  constant  occurrence.  There  is  no 
doubt  that,  if  not  at  the  very  outset,  yet  at  a  comparatively  early  stage 
in  the  process,  tubercles  occur  in  the  scrofulous  gland,  that  is  to  say 
nodules  having  one  or  more  giant  cells  in  their  centres  and  the  remain- 
ing constituents  arranged  as  in  the  mihary  tubercle  (see  Fig.  53,  p.  157). 
The  observation  of  the  tubercular  bacillus  in  scrofulous  glands  is  the  cul- 
minating evidence  that  the  disease  is  tubercular  and  is  due  to  a  specific 
virus.  But  this  virus  like  many  others  acts  on  tissues  Avhich  are  predis- 
posed. It  is  to  be  presumed  that  the  virus  is  present  in  abundance 
around  us,  but  it  only  finds  a  fitting  nidus  in  certain  persons.  We  may 
perhaps  say  that  persons  so  predisposed  are  of  the  scrofulous  habit,  and 
of  such  persons  some  are  specially  vulnerable  in  the  lymphatic  glands 
and  some  in  other  structures. 

Even  in  persons  predisposed  the  disease  generally  begins  in  the 
glands  in  connection  with  a  peripheral  irritation.    It  is  most  common 
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\  in  the  glands  of  the  neck  and  may  take  its  start  in  a  catarrh  of  the 
j  pharynx.    At  first  there  is  simple  enlargement,  and  it  may  be  difficult 
(  to  say  whether  it  is  a  true  tubercular  disease  or  not,  all  the  more  as 
many  of  these  indolent  enlargements  by  and  by  resolve  completely. 
,  We  may  suppose  that  the  tubercular  virus  is  conveyed  to  the  glands 
along  with  the  products  of  the  peripheral  inflammation,  but  that  it  may 
I  not  be  abundant  enough  to  produce  a  permanent  tuberculosis,  or  else 
the  glands  are  vigorous  enough  to  prevent  a  permanent  lodgement  for 
the  time  being.    The  evidence  that  the  disease  is  definitely  scrofulous 
j  in  its  nature  is  the  occurrence  of  caseous  metamorphosis, 
i      As  already  indicated,  the  first  change  in  the  gland  is  enlargement, 
f  due  mainly  to  a  great  accumulation  of  round  cells  chiefly  in  the 
'  lymph -sinuses  and  folhcles.    These  may  accumulate  to  such  an  ex- 
j  tent  as  to  obscure  the  reticulum,  and  when  the  gland  is  cut  into 
i  the  follicles  project  as  httle  softer  prominences.     The  gland,  as  a 
\  whole,  is  softer  than  normal,  and  of  a  greyish  white  colour.  Caseous 
;  necrosis  soon  occurs.    It  begins  usually  at  a  number  of  different  centres 
:  nearly  simultaneously,  and  it  extends  outward  from  them.    The  occur- 
!  rence  of  tubercles  jjrecedes  the  caseous  necrosis,  and  in  the  extension  of 
that  process  the  tubercles  are  inextricably  united  with  the  remaining 
tissue.    The  tubercles  may  be  overlooked  in  the  lymphatic  gland  on 
account  of  the  cellular  nature  of  the  gland  itself,  but  they  have  all  the 
characters  of  tubercles  elsewhere. 

The  caseous  necrosis  of  course  stops  all  growth  in  the  parts  which  it 
involves,  but  outside  the  caseous  areas  the  gland  may  go  on  enlarging 
by  increase  of  the  glandular  tissue  and  formation  of  tubercles.  The 
caseous  metamorphosis  by  its  extension  by  and  by  comes  to  involve 
the  greater  part  of  the  gland,  which  now  has  a  very  hard  feeling,  and 
on  section  presents  a  firm  homogeneous  yellow  aspect  which  has  been 
aptly  compared  to  that  of  a  raw  potato.  Sometimes  a  grey  external 
zone  can  be  seen  outside  the  caseous  material,  and  this  represents  the 
part  where  growth  has  been  still  going  on.  Under  the  microscoije  the 
caseous  material  has  the  usual  homogeneously  granular  and  opaque 
appearance,  and  differences  of  structure  are  hardly  to  be  made  out,  the 
whole  tissue  including  the  tubercles  being  involved  in  a  common  fate. 
Sometimes  the  outlines  of  the  tubercles  are  vaguely  visible,  and  scaly 
looking  objects  may  be  discovered  which  represent  the  altered  giant- 
cells. 

After  the  gland  has  become  caseous  it  may,  in  process  of  time, 
undergo  further  changes.    It  might  be  supposed  that  in  each  caseous 
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gland  there  would  be  a  great  laboratory  for  the  tubercular  virus  which 
would  thus  be  sown  largely  in  the  body.  As  compared  with  the  great 
frequency  of  scrofulous  disease,  this  occurrence,  however,  is  one  of 
great  rarity.  We  do  find  general  tuberculosis  developing  in  connection 
with  caseous  glands,  but  it  is  by  no  means  common.  The  change  in 
the  gland  probably  interrupts  the  flow  of  the  lymph,  and,  just  as  in  the 
case  of  cancer,  the  gland  actually  shuts  off  the  general  circulation  from 
the  infection.  The  caseous  mass  may  then  be  regarded  as  obsolete,  but 
by  its  presence  it  is  very  frequently  a  source  of  irritation  and  conse- 
quent inflammation.  The  inflammation  may  be  chronic  and  result  in 
thickening  of  the  cajjsule  and  production  of  connective  tissue  around. 
In  this  way  masses  of  caseous  glands  are  sometimes  united  into  firm 
packets ;  or  the  individual  glands  may  be  separately  encapsuled.  In 
either  case  one  of  two  results  may  follow.  The  caseous  mass  may  be- 
come infiltrated  with  lime  salts,  so  as  to  form  a  mortary  or  i3utty-hke 
mass,  which  may  ultimately  dry  in  and  become  like  stone.  This  re- 
sult we  very  often  see  in  the  mesenteric  glands.  Or  the  caseous 
material  after  a  time  may  undergo  softening,  and  be  converted  into  a 
yellow  grumous  fluid  resembling  pus,  but  containing  debris  instead  of 
pus  corpuscles.  This  soft  material  often  gives  rise  to  an  acute  inflam- 
mation around  the  gland,  so  that  a  true  abscess  results  in  Avhich  pus  is 
mixed  with  caseous  debris.  This  process  occurs  mostly  in  subcutaneous 
glands,  and  the  pus  by  and  by  finds  its  way  to  the  surface  and  is  dis- 
charged. The  resulting  ulcer  is  apt  to  be  a  very  chronic  one,  the  skin 
and  underlying  tissue  are  swollen  and  converted  into  granulation-tissue 
and  tubercles  may  develop  in  them.  This  fact  indicates  that  the  caseous 
material  does  not  readily  lose  its  virulent  jDroperties,  and  it  is  well 
known  that  till  the  whole  remains  of  the  gland  and  unhealthy  tissue 
are  cleared  out,  sound  granulations  will  hardly  form.  It  sometimes 
occurs  that,  without  undergoing  softening,  the  caseous  gland  gives  rise 
to  acute  inflammation  around,  with  the  formation  of  an  abscess  as  already 
described.  The  suppuration  in  that  case  will  follow  much  more 
rapidly  on  the  enlargement,  and  the  whole  process  will  be  a  more 
acute  one. 

Besides  this  scrofulous  disease  which  may  be  regarded  as  a  primai}- 
tuberculosis,  the  lymphatic  glands  are  liable  to  several  forms  of  second- 
ary TUBERCULOSIS.  They  are  very  often  the  seat  of  tubercles  in  acute 
general  tuberculosis.  Here  the  tubercles  are  fresh  and  the  enlarged 
glands  are  dotted  with  grey  nodules.    Again,  in  local  tuberculosis  of 
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other  organs  we  find  the  corresponding  lymphatic  glands  involved. 
This  is  commonest  in  the  bronchial  glands  as  a  consequence  of  phthisis 
pulmonalis  and  in  the  mesenteric  glands  in  connection  with  tuberculosis 
of  the  intestine.  The  glands  in  most  cases  undergo  changes  similar  to 
those  of  the  scrofulous  glands,  but  the  enlargement  is  not  generally  so 
great.  On  the  other  hand  the  tubercles  and  gland  tissue  sometimes 
.undergo  the  fibrous  metamorphosis,  so  that  the  glands  seem  to  be  the 
seat  of  chronic  indurative  inflammation. 

Syphilitic  disease  of  the  glands  partakes  of  the  characters  of  a 
chronic  inflammation  in  which  the  new-formed  elements  show  the 
usual  tendencies  of  the  syphilitic  new-formation  partly  to  degenerate 
and  partly  to  form  connective  tissue. 

Degenerative  changes  in  the  glands  are  not  of  very  common 
occurrence  apart  from  scrofula  and  syphilis.  Atrophy  may  occur  just 
as  in  any  other  tissue  in  old  age  or  emaciation.  Amyloid  disease  is  the 
commonest  form  of  degeneration,  but  it  does  not  usually  occur  in  a 
high  degree,  and  it  is  only  occasionally  that  the  glands  are  enlarged 
and  rendered  firmer  by  the  degeneration.  For  the  most  part  it  is 
detected  only  when  the  glands  are  examined  microscopically  with  the 
aid  of  iodine  or  methylviolet.  The  disease  appears  to  attack  mainly 
the  reticulum  of  the  gland,  and  one  can  sometimes  make  out  the  swollen 
hyahne  network,  or  even  detect  how  the  normal  reticulum  swells  out 
into  the  degenerated  network.  Recently  a  form  of  degeneration  has  been 
described  under  the  name  of  colloid  degeneration.  It  occurs  in  old 
persons  and  seems  of  no  special  significance.  The  gland  shows  a  series 
of  alveoH  filled  with  colloid  material,  or  the  blood-vessels  and  trabeculse 
of  the  gland  become  hyaline,  the  appearance  resembling  that  in  amyloid 
disease  but  without  the  reaction. 


Tumours.— Of  these  the  principal  forms  have  been  described 
already.  There  is  the  typhoid  lymphoma,  the  leukemic  lymphoma, 
the  lymph-adenoma  and  lympho-sarcoma.  We  have  also  seen  that 
m  Hodgkin's  disease  we  have  an  enlargement  of  the  glands  similar 
to  that  which  occurs  in  leukaemia  but  without  the  alteration  in  the 
blood.  In  that  disease  the  spleen  may  also  be  affected  as  it  is  in 
leukemia,  and  so  the  name  of  pseudo-leukseraia  sometimes  ajiplied  to  it 
IS  warranted.  Besides  the  lympho-sarcoma  already  described,  we  some- 
times meet  with  more  ordinary  sarcomas  of  the  lymphatic  glands,  and 
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these  may  be  of  tlie  spindle-celled  or  round-celled  kind.  These  tumours 
are  not  common,  and,  perhaps,  their  most  frequent  seat  of  origin  is  the 
retro-peritoneal  glands  near  the  head  of  the  pancreas.  Tumours  aris- 
ing here  may  grow  to  very  large  dimensions.  Secondary  sarcomas  are 
very  uncommon  in  the  lymphatic  glands.  On  the  other  hand  cancer 
very  frequently  develops  secondarily  here,  and  in  all  its  forms.  A  few 
cases  of  supposed  primary  epithelioma  of  the  glands  have  been  re- 
corded. 


THE  SPLEEN. 


The  exact  nature  of  the  function  of  this  organ  is  somewhat  oljscure. 
In  order  to  understand  the  various  changes  which  it  undergoes,  it  will 
be  necessary  to  bear  in  mind  certain  facts  as  to  its  structure.  The  splenic 
artery  as  it  enters  the  organ  is  accompanied  by  connective  tissue  which 
forms  a  continuous  sheath  around  its  branches.  In  this  sheath  there 
develop  at  intervals  little  masses  of  lymphoid  tissue,  forming  the  Mal- 
pighian bodies,  which  are  therefore  lymphatic  follicles  closely  related  to 
the  arterial  branches.    The  arteries  break  up  into  capillaries  Avhich  are 

mostly  distributed  in 
the  Malpighian  bodies, 
where  they  form  a 
somewhat  wide-meshed 
network.  At  the  peri- 
j)hery  of  the  Malpighian 
bodies  the  capillaries 
open  into  the  splenic 
pulp,  which  is,  as  it 
were,  interposed  be- 
tween the  capillaries 
and  the  veins.  This 
consists  of  a  hone}  - 
comb-like  structure, 
with  frequent  trabecular 
and  meshes  (see  e,  <\ 
Fig.  186).  The  meshes 
contain  blood,  but  also 
large  cells  and  cells  coii- 
taining  blood  corpuscles  and  pigment.  The  mesh-work  of  the  pulp 
develops  occasionally  wider  channels  or  sinuses  which  are  virtually  tlie 
radicles  of  the  veins.    The  pulp  has  a  brownish  colour  l)oth  from  its 


Fig.  ISO  -Structure  of  spleen.  A,  capsule  ;  b,  trabeculai; 
c,  c,  Malpighian  bodies  ;  in  that  to  the  right  an  artery,  cut  trans- 
versely, is  seen ;  d,  d,  injected  arteries,  one  running  into  a 
Malpighian  body  ;  e,  honeycomb-like  pulp.  (Kolliker.) 
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pigment  and  from  the  fact  that  it  is  full  of  blood.  The  Malpighian 
bodies  being  lymphoid  in  structure,  and  sparely  vascularized,  are 
whitish  in  colour.  It  is  clear  from  this  structure  that  the  blood  passing 
into  the  spleen  by  the  arteries  will  linger  long  in  the  organ,  and  will 
especially  stagnate  in  the  meshes  of  the  .pulp.  It  seems  probable  that 
in  the  pulp  the  red  corpuscles  are  to  some  extent  destroyed.  The 
existence  in  the  normal  spleen  of  cells  containing  red  corpuscles  and 
pigment  seems  to  indicate  this.  The  spleen  also  probably  gives  origin 
to  white  corpuscles,  but  it  shares  this  function  "wdth  the  lymphatic 
glands,  and  the  medulla  of  bone,  as  well  as  probably  the  widely  diffused 
connective  tissue  throughout  the  body.  ,  Some  have  supposed  that  the 
spleen  also  forms  red  corpuscles,  but  this  is  exceedingly  doubtful. 

From  these  remarks  it  will  be  understood  that  the  amount  of  blood 
in  the  spleen  will  be  subject  to  great  variations  according  as  the  pulp  is 
more  or  less  distended.  The  pulp  forms  by  far  the  greatest  part  of  the 
substance  of  the  spleen,  and  according  as  its  honeycomb  structure  is 
more  or  less  full  of  blood  will  the  size  of  the  organ  vary.  Accordingly 
there  is  no  organ  in  the  body  which  varies  so  much  in  size,  even  under 
physiological  circumstances.  During  digestion  there  is  an  active  hyper- 
emia which  causes  enlargement  of  the  organ.  Again,  the  capsule  and 
trabeculse  of  the  spleen  are  abundantly  supplied  with  smooth-muscle 
fibre-cells,  and  its  size  is  influenced  by  the  state  of  contraction  of 
these.  It  is  well  known  that  by  electric  stimulation  the  size  of  the 
organ  may  be  diminished,  the  muscular  tissue  contracting. 

Malformations. — In  addition  to  the  spleen  in  its  usual  site,  and  of  its 
ordinary  size,  there  are  very  frequently  small  supernumerary  spleens 
lying  in  its  neighbourhood.  These  are  generally  round  in  shape,  and 
have  the  dark  red  or  blue  colour  and  soft  structure  of  the  ordinary 
organ.  There  are  sometimes  several  of  these  present,  and  although 
usually  seated  in  the  neighbourhood  of  the  spleen  they  may  be  away 
from  it,  having  even  been  found  embedded  in  the  head  of  the  pancreas. 
Cases  have  occurred  in  which  there  have  been  two  spleens  of  nearly  equal 
size.  The  spleen  is  also  liable  to  variations  in  shape  and  position. 
These  may  be  congenital,  but  alterations  in  position  may  occur  during 
life,  chiefly  when  the  organ  is  enlarged  and  alters  its  position  on  account 
■of  its  increased  weight.  Again,  there  may  be  an  unusual  length  of 
the  ligaments  so  as  to  allow  of  an  undue  mobility  of  the  organ.  This 
also  may  be  congenital,  or  it  may  be  due  to  a  stretching  of  the 
ligaments  from  increased  weight. 
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Active  or  Congestive  Hyper/Emia  and  Inflammation. — W 
have  already  seen  that  an  active  hypersemia  of  the  spleen  occurs  physi 
logically  during  digestion ;  it  is  met  with  as  a  distinctly  pathologica 
condition,  and  frequently  in  a  very  exaggerated  form,  in  a  variety  o 
acute  general  diseases.    In  this  country  it  is  often  seen  in  the  highes 
degree  in  typhus  fever,  but  it  is  found  also  in  other  acute  fevers 
in  pyaemia,  in  pneumonia,  diphtheria,  erysipelas.     This  hyperaemi 
is  generally  to  be   regarded  as  inflammatory  in  its  nature,  th 
primary  stage  of  an  acute  inflammation  of  the  organ.    In  the  grou 
of  diseases  referred  to,  the  blood  is  in  a  peculiarly  irritating  condi 
tion.    We  know  that  the  various  parenchymatous  organs,  the  muscles 
and   so   on,  show  evidences  of  inflammation  in  the  presence  o 
cloudy  swelling,  and  this  is  to  be  traced  to  the  irritating  conditio 
of  the  blood.     In  these  organs  there  is  doubtless  dilatation  of  the 
vessels,  but  in  the  case  of  the  spleen  the  hyperaemia  produces  much 
more  marked  results  on  account  of  the  structure  of  the  organ.  The 
hypersemic  spleen  is  greatly  enlarged,  and  the  capsule  stretched.  In 
some  cases  of  typhus  and  intermittent  fever  the  enlargement  has  been 
so  great  and  sudden  as  to  rupture  the  capsule.    The  name  acute  splenh  ■ 
TUMOUR  is  sometimes  given  to  this  hypersemic  enlargement.    It  vdll  1  ic 
inferred  that  in  this  condition  the  splenic  tissue  is  exceedingly  soft,  some- 
times almost  diffluent,  and  the  colour  of  the  cut  surface  is  a  dark  red. 

But  the  condition  does  not  continue  as  a  pure  hyperaemia.  The  cell-; 
forming  the  honeycomb  structure  of  the  pulp  enlarge,  the  blood-vessels 
and  the  meshes  of  the  pulp  come  to  contain  more  round  cells  or  white 
blood-corpuscles.  These  are  all  indications  of  inflammation,  and  a 
further  indication  is  sometimes  afforded  by  the  deposition  of  fibrine  <  :! 
the  capsule  of  the  spleen.  The  Malpighian  bodies  sometimes  undei  -o 
enlargement  in  this  stage,  but  not  in  all  the  diseases  named.  This  is  most 
frequently  seen  in  the  later  stages  of  typhoid  fever  and  small-pox,  and 
when  it  occurs  the  consistence  of  the  organ  is  firmer  than  is  usual 
in  the  acute  splenic  tumour.  In  this  stage  in  which  more  definite  in- 
flammatory processes  are  superadded  to  the  congestion,  the  spleen  is 
even  larger  than  in  the  earlier  stage,  and  it  may  reach  two,  three,  or 
even  four  times  the  normal  size.  The  organ  is  unduly  soft,  and  on  sec- 
tion may  look  half-diffluent,  although  it  is  firmer  than  in  the  cas(^s 
without  enlargement  of  the  Malpighian  bodies.  The  colour  of  the  cut 
surface  is  considerably  paler  than  in  the  earlier  period,  being  more  of  a 
greyish  or  whitish  red.  On  scraping  the  surface  a  thick  juice  is  obtained 
which  is  not  unlike  pus  mixed  Avith  blood. 
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As  a  general  rule  the  acute  splenic  tumour  diminishes  as  the  primary 
disease  passes  off,  and  the  spleen  may  be  left  soft  and  loose  with 
wrinkled  capsule  and  unduly  prominent  trabecules.  Sometimes  there 
results  a  chronic  inflammation  with  thickening  of  the  trabeculse,  but 
this  hardly  occurs  unless  there  have  been  repeated  attacks  of  hyper- 
semia  as  in  malarial  fevers,  and  occasionally  in  typhoid  fever. 

It  is  a  very  rare  circumstance  for  suppuration  to  occur  in  the 
inflamed  spleen,  but  this  has  been  met  with  in  intermittent  fever.  In 
such  cases  the  pus  appears  in  numerous  little  points  which  represent  the 
Malpighian  follicles,  or  there  is  a  more  diffuse  suppuration  of  the  spleen 
If  the  abscess  bursts  externally  a  fatal  peritonitis  results. 

Among  the  cases  of  suppurative  inflammation  of  the  spleen  should 
be  mentioned  those  in  which  ulcerative  endocarditis  or  pyaemia  is  the 
primary  disease.  In  that  case  minute  emboli  are  frequently  carried  to 
the  spleen  as  to  other  structures,  and  being  of  a  septic  nature  they  each 
form  the  focus  of  an  acute  inflammation,  which  has  at  first  a  hsemor- 
rhagic  character,  and  afterwards  passes  on  to  suppuration.  The  spleen 
as  a  whole  is  enlarged  by  active  hyperaemia. 

Chronic  Inflammation. — In  cases  where  the  inflammatory  enlarge- 
ment is  repeated  frequently,  or  there  is  a  more  continuous  irritation  of 
the  spleen,  we  have  what  may  be  called  a  chronic  inflammation,  causing 
the  CHRONIC  SPLENIC  TUMOUR.  This  is  very  common  in  malarious  dis- 
tricts, and  is  regularly  met  with  in  persons  who  have  been  repeatedly 
subject  to  attacks  of  ague.  But  in  such  districts  it  occurs  even  in 
persons  who  have  had  no  apparent  ague,  so  that  almost  every  post- 
mortem examination  reveals  a  chronic  AGUE  cake.  As  already  men- 
tioned there  may  be  a  more  or  less  permanent  enlargement  in  prolonged 
typhoid  fever.  Syphilis  in  the  acute  stages  produces  an  acute  splenic 
tumour,  which  may  result  in  the  chronic  form,  but  by  no  means  con- 
stantly.   Again,  the  chronic  form  may  occur  in  congenital  syphilis. 

The  enlargement  may  depend  on  a  general  hypertrophy  of  the 
spleen,  so  that  the  consistence  of  the  organ  is  nearly  normal.  There  is, 
however,  considerable  increase  of  the  lymphoid  elements  and  the  tra- 
beculse  are  thickened.  There  is  frequently  also  increased  pigmentation. 
In  other  cases  there  is  a  marked  new-formation  of  connective  tissue  in 
the  traljeculfe,  the  pulp  is  firmer  and  the  blood  spaces  reduced  in  size. 
This  condition  warrants  the  designation  fibrous  induration  of  THE 
spleen.  The  organ  as  a  whole  is  not  so  much  enlarged  as  in  the  other 
form,  but  it  is  much  firmer  and  harder,  so  that  the  name  ague  cake  is 
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peculiarly  applicable  here.  In  extreme  cases  there  is  atrophy  of  the 
proper  constituents  of  the  spleen ;  the  pulp  is  much  encroached  on,  and  the 
Malpighian  follicles  are  greatly  destroyed.  There  is  usually  also  much 
deposition  of  pigment  .in  the  splenic  tissue,  especially  in  the  pulp,  hut 
also  to  a  slight  extent  in  the  Malpighian  bodies,  and  in  the  thickened 
connective  tissue  around  the  vessels  (see  Melansemia).  In  both  forms 
of  chronic  tumour  of  the  spleen,  the  capsule  is  generally  thickened.  It 
is  usually  irregularly  so,  and  we  have  tendon-like  patches  or  loose 
shreddy  connective  tissue  on  the  surface.  Sometimes  the  capsule  ac- 
quires adhesions  to  neighbouring  structures,  and  the  spleen  may  be  s<> 
buried  in  adhesions  as  to  make  it  difficult  to  dissect  it  out.  It  is  to  b( 
remembered,  however,  that  such  adhesions  are  very  frequent  apart  from 
any  proper  disease  of  the  spleen  at  all,  being  due  to  inflammations  in 
its  neighbourhood.  In  this  latter  case  the  spleen  is  usually  small  and 
firm  in  its  texture. 

Passive  Hyper JiMiA. — This  condition  occurs  in  the  spleen  when 
there  is  any  considerable  obstruction  of  the  portal  circulation.  Hence 
we  meet  with  it  in  cirrhosis  of  the  liver,  and  in  cases  of  heart  disease  which 
have  gone  on  to  general  venous  engorgement,  the  hypersemia  being,  as 
it  were,  transmitted  through  the  liver.  It  may,  indeed,  occur  in  conse- 
quence of  any  local  or  general  obstruction  Avhose  effects  extend  to  the 
splenic  vein.  The  organ  is  enlarged,  but  not  to  such  an  extent  as  in  the 
congestive  form.  As  in  other  cases  of  passive  hj'-peraemia  the  connective 
tissue  increases  in  firmness,  and  so  the  whole  organ  is  denser  than  usual, 
while  the  tissue  presents  a  deep  red  colour.  The  thickening  of  the  con- 
nective tissue  aff"ects  the  trabeculse  and  the  sheaths  of  the  blood-vessels. 

The  Embolic  Infarction. — This  is  probably  of  more  frequent 
occurrence  in  the  spleen  than  in  any  other  organ,  except  perhaps  the 
lungs.  The  explanation  of  this  is  probably  the  large  size  of  the  splenic 
artery.  We  have  already  seen  that  this  artery  and  all  its  branches 
are  end -arteries,  and  that  obstruction  of  one  of  them  can  hardly 
fail  to  cause  the  haemorrhagic  infarction.  At  first  the  infarction 
is  of  a  deep  red  colour,  and  has  more  or  less  the  form  of  a  wedge  ^vith 
its  base  at  the  caj^sule.  On  handling  the  organ  it  is  to  be  detected 
by  its  density,  forming  a  hard  mass  in  the  midst  of  the  soft  tissue. 
As  a  rule,  there  are  several  infarctions  in  the  same  spleen,  and 
as  the  embolus  in  a  larger  trunk  may  break  up  and  be  distributed 
irregularly  in  various  branches,  we  may  have  very  complicated  forms 


EMBOLIC  INFARCTION  OF  THE  SPLEEN. 


393 


■assumed  hy  the  infarction.  For  example,  it  is  not  uncommon  to  find  the 
superficial  parts  of  the  spleen  involved  over  a  large  area,  while  the  infarc- 
tion does  not  extend  much  beneath  the  surface,  as  if  the  emboli  had  been 
swept  into  a  number  of  terminal  branches  near  the  surface.  The  spleen, 
as  a  whole,  IS  enlarged,  the  obstruction  of  the  arteries  leading  to  a 
collateral  hyperemia  by  dilatation  of  those  remaining  open.  This  en- 
largement may  reach  considerable  dimensions.  On  the  capsular  surface 
of  the  infarction  there  is  often  a  deposition  of  fibrine,  and  it  is  interesting 
to  know  that  during  life  the  existence  of  this  has  been  sometimes 
diagnosed  by  the  discovery  of  friction  sound. 

From  what  has  gone  before,  it  will  be  understood  that  the  piece  of 
splenic  tissue  involved  in  the  infarction  is  in  a  state  of  necrosis.  At  the 
very  outset  the  elements  of  the  spleen  may  be  made  out,  the  spaces  in 
the  pulp,  the  veins  and  venous  sinuses  being  engorged  with  blood. 
After  a  time  the  tissues  become  less  recognizable,  they  seem  to  undergo 
a  coagulation,  and  at  the  same  time  fatty  degeneration  occurs  in  them. 
The  blood-colouring  matter  is  also  dissolved  out,  being  partly,  absorbed 
and  partly  deposited  in  solid  granules  throughout  the  infarction.  The 
result  is  that  the  infarction  becomes  gradually  paler  in  colour,  and 
gains  in  consistence.  Around  the  infarction  a  chronic  inflammation 
occurs  with  the  usual  new-formation  of  connective  tissue.  As  the  infarc- 
tion becomes  absorbed  this  connective  tissue  draws  together,  the  final 
result,  as  we  have  already  seen,  being  a  cicatrix  in  which  some  cheesy 
matter  may  be  found  representing  the  original  infarction.  During 
these  processes  the  spleen  gradually  returns  to  its  normal  size  and 
condition,  with,  it  may  be,  some  thickening  of  the  capsule.  We  fre- 
quently meet  with  one  or  more  cicatrices  in  the  spleen  from  old 
embolism.  These  are  always  visible  at  the  surface  and  penetrate 
inwards,  but  often  they  have  little  depth. 

The  condition  of  the  spleen  in  leukemia  has  been  already  described, 
and  it  is  to  be  remembered  that  the  spleen  may  be  enormously  increased 
in  size,  up  to  a  weight  of  40  pounds.  The  condition  in  pseudo-leuka3mia 
or  Hodgkin's  disease  is  virtually  the  same. 

Rupture  of  the  Spleen.— This  occurs  occasionally,  as  we  have 
seen,  in  acute  enlargements  of  the  organ.  But  traumatic  rupture  is 
much  more  frequent.  This  is  eflFected  by  blows  or  falls  on  the  abdomen, 
and  also  by  injuries  to  the  chest  by  which  the  lower  ribs  are  forced 
against  the  organ.    There  may  be  considerable  rupture  without  any 
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external  marks  of  injury.  It  is  important  to  remember  that  the 
enlarged  and  hard  spleen  is  more  liable  to  rupture  than  the  normal 
one,  both  on  account  of  its  more  brittle  character  and  its  size.  This 
is  important  in  a  medico-legal  aspect,  especially  in  malarious  districts. 
The  rupture  may  lead  to  fatal  haemorrhage,  but  bleeding  is  often  associ- 
ated with  other  injuries,  and  only  plays  a  part  in  the  result.  On  the 
other  hand,  the  hsemorrhage  may  be  slight,  and  the  wound  may  heal 
and  leave  a  cicatrix. 


Degenerative  Changes. — Of  these  by  far  the  most  important  is 
AMYLOID  DISEASE.  It  has  already  been  mentioned  that  the  spleen 
is  more  frequently  the  seat  of  this  disease  than  any  other,  and  that  it 
aj)pears  in  a  majority  of  cases  to  be  the  organ  primarily  aflfected.  There 
are  two  forms  of  amyloid  disease,  called  respectively  the  sago  form 
and  the  diffuse  form.  In  the  former  the  Malphighian  bodies  are 
mainly  engaged  ;  in  the  latter  the  pulp.  We  are  entirely  ignorant  of 
the  conditions  which  induce  these  differences  in  the  situation  of  the 
degeneration,  but  there  must  be  some  important  diversity  in  the  causes 
of  the  two  forms. 

The  Sago  Spleen.— In  this  form  the  organ  is  moderately  enlarged. 


Fig.  1S7.  -Section  rf  a  sa-o  spleen.  The  enlarged  and  translucent  Malpighian 
•  •   1.    lu  the  middle  an  artery  with  amyloid  walls,    x  2U. 


bodies  are  seen. 


On  section  we  observe  on  the  cut  surface,  instead  of  the  normal  sm 
Malpighian  bodies,  transparent  glancing  areas  which  have  been  ver 
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aptly  compared  to  grains  of  boiled  sago.  These  are  dotted  over  the 
surface  in  great  profusion.  On  applying  iodine  solution  the  aflfected 
areas  stand  out  as  brown  spots,  which  become  of  a  deeper  colour  on 
adding  dilute  sulphuric  acid.  Microscopic  sections  (see  Fig.  187)  show 
transparent  hyaline  areas  of  round  shape  and  larger  or  smaller  size,  often 
so  large  that  they  are  continuous  with  one  another  at  their  peripheries. 
These  areas  represent  Malpighian  bodies,  which,  when  the  disease  is  ad- 
vanced, are  entirely  replaced  by  a  nearly  homogeneous  transparent  tissue. 
In  the  early  stages,  however,  the  addition  of  methylviolet  or  iodine 
brings  out  a  beautiful  network  in  the  Malpighian  body,  and  it  is  obvi- 
ous that  the  reticulum  is  first  attacked.  Even  in  the  early  stage  it 
can  be  seen  that  the  lymphoid  corpuscles  are  also  to  some  extent  in- 
volved, and  as  the  disease  progresses  they  are  more  and  more  affected, 
although  to  some  extent  they  may  be  destroyed  by  the  enlargement  of 
the  reticulum.  The  arteries  whose  lymphoid  bodies  are  thus  affected 
are  often  themselves  degenerated,  but  they  may  remain  unaffected. 
In  advanced  stages  of  the  disease  the 
enormous  enlargement  of  the  Malpighian 
bodies  causes  atrophy  of  the  pulp,  and 
we  may  have  the  spleen  presenting  little 
beyond  large  round,  sago-like  bodies. 
The  pulp  may,  however,  itself  take  part 
in  the  amyloid  disease  at  the  periphery 
of  the  Malpighian  bodies. 

The  Diffuse  Amyloid  Spleen. — 
In  this  form  the  spleen  undergoes  much 
greater  enlargement  than  in  the  sago 
form.    It  is  in  the  highest  degree  hard 


and  heavy,  and  the  edges  rounded.  On 
section  the  tissue  seems  close  and  inelas- 
tic, and  of  a  dark  transparent  appear- 
ance.    The  degeneration   affects  the 
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greater  part  of  the  spleen,  but  there 
may  be  islands  of  normal  pulp  visible. 
The  Malpighian  bodies  are  hardly  visible, 
and  the  cut  surface  has  a  smooth  uniform 
appearance 

produces  a  general  deep  brown  colour- 
ation of  the  tissue.  Under  the  microscope  (as  shown  in  Fig.  188)  it 
appears  that  the  trabeculse  of  the  pulp  are  involved,  and  the  arrange- 
ment of  these  trabcculas  is  brought  out  in  the  early  stages  on  the  addition 


rpr  T     X  •  <■  •    T  1S8-— 'Diffuse  amyloid  spleen.  The 

ine   application   of  lOdme  swollen  and  translucent  tissue  of  the 

pulp  («)  is  shown,  x  400.  (xVfter  Kyber.) 
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of  methylviolet  or  iodine.  In  the  later  stages  the  appearance  is  more 
uniform,  but  indications  of  the  trabecular  arrangement  may  still  be 
visible.  By  the  enlargement  of  the  pulp  the  Malphigian  bodies  are 
greatly  atrophied,  but  they  may  show  traces  of  amyloid  disease.  In 
this  form  the  walls  of  the  arteries  and  veins  are  amyloid. 

Tuberculosis  does  not  occur  in  the  spleen  as  a  primary  disease,  but 
in  acute  general  tuberculosis  we  frequently  find  tubercles  in  great 
abundance.  The  tubercles  are  usually  seated  in  the  neighbourhood  of 
arteries,  and  are  often  difficult  to  distinguish  from  the  lymphoid  Mal- 
pighian  bodies  which  have  a  similar  seat.  The  existence  of  the 
giant-cell  structure  and  the  tendency  to  caseous  degeneration  mil  assist 
in  distinguishing  them.  Occasionally  we  meet  with  large  caseous 
masses  in  the  spleen,  which  may  reach  the  size  of  walnuts.  These 
occur  mostly  in  children  who  are  the  subjects  of  scrofulous  disease  of  the 
lymphatic  glands.  The  general  distribution  of  the  nodules  suggests  that 
the  infective  material  has  been  carried  by  the  blood,  and  in  some  cases 
there  may  be  a  rupture  of  a  softened  gland  into  the  splenic  artery.  Syphi- 
litic gummata  are  very  rare  in  the  spleen,  and  have  been  met  with 
chiefly  in  congenital  cases.  Other  tumours  are  equally  rare,  but  cases 
of  fibroma,  SARCOMA,  and  one  case  of  a  pulsating  cavernous  angioma 
have  been  observed.  Sarcomas  occur  .secondarily  in  the  spleen  with 
greater  frequency  than  any  primary  tumour,  and  this  is  especially  true 
of  melanotic  sarcomas,  which  may  possibly  originate  in  the  spleen. 
Secondary  cancers  only  occur  in  cases  where,  from  the  general 
diffusion  of  such  tumours,  we  may  infer  that  the  infective  material  has 
found  its  way  into  the  blood. 

The  Bone  Marrow. — The  medulla  of  bone  is  now  generally  re- 
garded as  forming  a  part  of  the  circulatory  system.  The  red  medulla 
of  the  spongy  bones  is  to  some  extent,  in  structure  and  in  function, 
analogous  to  the  lymphatic  glands  and  spleen.  In  normal  conditions 
this  medulla  contains  nucleated  cells  of  a  yellowish  tint  which  are  pro- 
bably red  corpuscles  in  process  of  development.  Most  of  the  conditions 
described  as  occurring  in  the  spleen  have  their  analogues  in  the  bone- 
marrow.  We  have  already  seen  that  in  leukaemia  there  are  changes 
corresponding  to  the  lymphatic  new-formation  in  the  spleen.  In  acute 
fevers,  and  especially  in  relapsing  fever  and  small  pox,  but  also  in 
pygemia,  typhus,  pneumonia,  there  has  been  found  hyperaemia  of  the 
marrow  and  great  accumulation  of  round  cells.  At  present  these  facts 
must  be  regarded  rather  as  indications  of  the  direction  in  which 
investigation  should  go  than  as  a  solid  basis  of  fact. 
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TNTRODUCTION.— In  studying  the  diseases  of  the  nervous  system 
it  is  very  important  to  carry  along  with  us  some  general  conception 
as  to  the  anatomical  and  physiological  relations. 

The  simplest  idea  of  a  nervous  system  is  that  of  a  central  ganglion 
cell  with  an  afferent  or  centripetal  fibre  and  an  efferent  or  centrifugal 
one.  An  approach  to  this  simplest  form  of  nervous  system  is  afforded 
us  in  the  case  of  the  heart.  We  have  here  in  the  substance  of  the 
organ  certain  groups  of  ganglion  cells,  which  possess  on  the  one  hand 
centripetal  fibres  coming  chiefly  from  the  endocardium,  and  on  the 
other  hand  centrifugal  fibres  passing  to  the  muscular  fibres  of  the  heart. 
It  is  to  be  presumed  that  impressions  conveyed  from  the  endocardium 
induce  the  development  of  impulses  which  are  conveyed  by  the  centri- 
fugal fibres  to  the  muscle  and  bring  about  its  contraction. 

But  these  intrinsic  ganglia  of  the  heart,  although  forming  with  their 
connections  a  complete  nervous  system,  are  not  entirely  isolated  and 
independent.  They  are  under  the  command  of  higher  centres  which 
control  their  action  and  through  them  effect  the  contractions  of  the 
heart.  From  these  higher  centres  fibres  reach  the  heart  by  two  paths, 
by  the  vagus  and  by  the  sympathetic,  and  by  means  of  these  fibres  the 
action  of  the  intrinsic  ganglia  is  restrained  or  stimulated. 

Taking  a  general  survey  of  the  nervous  system  we  find  that  among 
the  innumerable  centres  there  are  grades  or  orders  to  be  recognized,  the 
lower  or  simpler  being  under  the  control  of  the  higher  and  more 
comi)lex.  Leaving  aside  the  peripheral  centres  and  the  sympathetic 
system  we  may  fitly  illustrate  this  in  the  case  of  the  cerebro-spinal  axis. 

In  the  spinal  cord,  as  we  shall  see  more  particularly  afterwards, 
there  are,  chiefly  in  the  anterior  cornua,  groups  of  ganglion  cells  which 
form  distmct  individual  centres.    Many  of  these  appear  to  be  of  the 


398 


DISEASES  OF  THE  NERVOUS  SYSTEM. 


simplest  and  lowest  kind,  representing,  as  it  were,  single  muscles  or 
limited  groups  of  muscles.  The  stimulation  of  such  simple  centres 
would  produce  no  properly  co-ordinated  movement,  hut  simply  the 
contraction  of  a  muscle  or  muscles.  But  in  the  cord  itself  there  are 
centres  of  a  higher  order  than  this,  representing,  not  single  muscles  or 
very  limited  groups,  but  more  considerable  groups  of  associated  muscles, 
so  that  movements  of  some  complexity  are  brought  about  by  their 
stimulation.  The  lower  order  of  centres  are  under  the  control  of  the 
higher,  and  it  is  to  be  jjresumed  that  the  higher  in  bringing  about 
movements  do  not  act  directly  on  the  muscles,  but  stimulate  in  the  first 
instance  the  lower  centres,  which  then  act  directly  on  the  muscles.  It  is 
to  be  understood  that  even  the  higher  centres  in  the  cord  are,  as  compared 
with  those  in  the  brain,  of  a  very  low  order,  and  are  only  capable  of 
effecting  such  simple  actions  as  the  extension  of  the  toes,  the  drawing 
up  of  the  leg,  etc. 

The  medulla  oblongata  may  be  regarded  as  simply  an  extension 
upwards  of  the  spinal  cord.  Its  centres  are  scarcely  of  a  higher  order 
than  those  of  the  cord,  and  the  movements  which  may  be  effected  by  it 
alone  are  of  the  simplest  character.  In  it  are  massed  the  great  centres 
which  have  the  control  of  the  resjDiratory  movements,  and  the  contrac- 
tion and  dilatation  of  the  blood-vessels.  The  muscles  of  the  tongue, 
mouth,  pharynx,  etc.,  are  represented  here  as  are  those  of  the  legs  and 
trunk  in  the  spinal  cord. 

Passing  to  the  centres  next  in  order  above  the  cord  and  medulla 
oblongata  we  reach  the  so-called  middle  brain,  including  the  centres  in 
the  pons  varolii,  the  corpora  quadrigemina,  and  as  perhaps  of  a  still 
higher  order,  the  cerebellum.  Many  animals  can  go  through  very 
elaborate  movements  when  deprived  of  all  parts  above  this  middle  brain. 
A  pigeon  can  fly,  a  frog  can  leap,  and  a  rabbit  can  run.  There  is  how- 
ever a  want  of  spontaneity  in  the  movements,  which  present  many  of 
the  characters  of  complex  reflex  or  automatic  actions.  A  rabbit  aWU 
remain  quiet  till  its  foot  is  pinched  and  will  then  set  about  running. 
It  is  to  be  observed  that  the  movements  effected  by  means  of  the 
middle  brain  require  the  action  of  the  same  muscles  as  those  in  which 
the  spinal  cord  alone  is  concerned,  but  the  combinations  are  more 
complex  and  the  grouping  of  the  muscles  more  intricate.  It  is  to  be 
presumed  that  in  effecting  these  more  complex  movements  the  higher 
centres  act  in  the  first  place  on  the  lower,  and,  through  them,  on  the 
muscles,  the  lower  centres  in  the  cord  being  thus  a  necessary  link 
in  the  chain. 
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In  man  the  middle  brain  appears  to  be  much  less  independent  than 
in  the  lower  animals.  In  many  animals,  as  we  have  seen,  a  stimulus 
coming  from  the  periphery  may  induce  such  complex  acts  as  flying, 
leaping,  running,  but  it  is  not  so  in  man.  If  the  centres  for  such  acts 
are  situated  in  the  middle  brain  in  man,  they  are  so  dependent  on  the 
higher  centres  that  when  their  connection  with  these  is  severed  they  are 
.  only  able  to  act  very  imperfectly.  A  person  may  be  completely  para- 
lysed on  one  side  by  the  connection  being  divided  between  the  middle 
and  upper  brain,  but  when  such  a  person  yawns  the  paralysed  arm  will 
often  move  in  an  exaggerated  fashion  entirely  independent  of  the  will. 
ya"\vning  is  an  exaggerated  inspiration,  and  in  order  to  elevate  the  chest 
the  arm  is  stretched  upwards  and  backwards  so  as  to  bring  the  pecto- 
ralis  into  action  on  the  chest  wall.  When  we  have  command  of  ourselves 
we  can  control  these  movements,  but  when  the  middle  brain  is  severed, 
the  paralysed  arm  may  act  in  an  exaggerated  fashion. 

Passing  now  to  the  basal  ganglia  of  the  cerebrum  we  find  here 
a  series  of  centres  of  a  very  high  order.  When  such  animals  as  the  dog 
and  cat  are  deprived  of  all  centres  higher  than  the  corpus  striatum, 
they  are  capable  of  running  about,  these  movements  being  of  course 
automatic.  But  in  man,  and  also  in  monkeys,  although  the  general 
movements  of  the  body  may  be  regarded  as  gathered  together  in  these 
ganglia,  they  are  not  sufficient  for  the  more  complex  acts  of  locomotion, 
etc.  The  movements  of  the  body,  although  represented  in  a  complex 
form  in  these  ganglia,  are  represented  higher  up  in  a  still  more  complex 
form,  and  at  the  same  time  the  lower  centres  are  less  independent 
of  these  higher  ones. 

In  the  convolutions  of  the  cerebral  hemisj)heres  we  have  the  highest 
order  of  centres,  and  in  man  the  motor  area  may  be  taken  to  form  the 
seat  of  all  the  centres  which  are  concerned  with  the  more  complex 
voluntary  acts.  In  the  motor  convolutions  we  have  the  movements  of 
the  ])ody  as  it  were  written  larger,  occupying  much  more  space  than  in 
the  corpus  striatum,  and  more  individualized. 

In  regard  to  sensation  we  are  not  to  look  for  a  succession  of  centres 
such  as  we  have  in  the  case  of  motion.  There  are  peripheral  organs 
of  a  highly  specialized  character,  which  are  engaged  in  the  transmission 
of  the  various  special  kinds  of  sensation.  Between  these  and  the  highest 
centres  there  are  virtually  no  others  interposed,  the  intervening  struc- 
tures being  only  concerned  in  conduction,  perhaps  with  arrangements 
for  fortifying  the  impressions  as  they  are  conducted  through  greatly 
elongated  paths.    Besides  the  apparatus  engaged  in  sensation  there  are 
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afferent  fibres  which  are  related  to  reflex  action-s,  and  proljahly  the 
same  fibres  to  some  extent  subserve  l)oth  functions. 

In  studying  the  specific  diseases  of  the  nervous  system  it  will  be 
necessary  to  carry  these  physiological  considerations  along  with  us,  and 
in  the  case  of  each  disease  it  will  be  proper  to  take  into  account  the 
effect  which  it  will  have  on  the  physiological  action. 

Lesions  occurring  in  nervous  structures  may  produce  various  effects. 
They  may  IRRITATE  the  centres  either  dii-ectly  or  by  means  of  their  com- 
municating fibres.  If  a  motor  centre  be  irritated  there  will  be  muscular 
movements,  spasm,  convulsion.  If  a  sensory  centre  be  irritated  there 
will  be  subjective  sensations  as  of  sight,  smell,  touch,  hearing,  taste.  If 
a  mental  centre  be  irritated  there  will  be  subjective  mental  phenomena, 
that  is,  mental  phenomena  which  are  beyond  the  control  of  the  indi- 
vidual, peculiar  thoughts,  illusions,  etc.  On  the  other  hand  lesions  may 
DESTROY  centres,  in  which  case  we  shall  have  j)aralysis  of  motion,  or 
loss  of  sensation  (ansesthesia),  or  mental  degeneracy. 

It  may  also  be  remarked  to  begin  with  that  lesions  which  are  large 
and  palpable  are  often  called  coarse  lesions,  as  where  a  tumour  or  a 
clot  destroys  or  irritates,  or  does  both.  Coarse  lesions  are  thus  dis- 
tinguished from  those  finer  changes  which  are  matter  for  microscopic 
observation.  In  some  cases  indeed  the  existence  of  actual  physical 
changes  is  matter  of  inference,  the  anatomical  demonstration  of  them 
being  not  yet  furnished. 


A.— THE  PERIPHERAL  NERVES. 

Introductory  Considerations. — A  nerve  stem,  whether  met  with 
embedded  in  the  tissues  of  an  organ  or  lying  free,  is  composed  of  one 
or  more  bundles  of  nerve  fibres  united  together  by  connective  tissue. 
The  accompanying  figure  (Fig.  189)  shows  the  general  arrangement  of 
this  connective  tissue  in  a  stem  composed  of  a  single  bundle  of  nerve 
fibres.  There  is  an  external  layer  of  connective  tissue,  the  perineurium 
(a)  binding  the  whole  bundle  together.  But  inside  the  bundle  there  is 
connective" tissue  binding  the  individual  nerve  fibres  together  and  form- 
in-  the  endoneurium  (h),  the  nuclei  of  which  are  prominently  seen  m 
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the  figure.  In  a  nerve  stem  made  up  of  several  bundles  these  also  are 
bound  together  by  con- 


nective tissue,  the  epin. 

eurium  or  neurilemma. 
The    nerve-fibres  of 

such  peripheral  nerves 

are  for  the  most  part  me- 
;  dullated,  and  when  exam- 
I  ined  in  the  •  fresh  state 
>  they  j)resent  an  opaque 

appearance  and  a  double 

outhne  as  in  Fig.  190  yl. 

When  examined  in  the 
i  fresh  state,  it  is  only  this 

appearance  that  is  visible, 
!  but  by  proper  methods  of 
^preparation  the  constitu- 

,  Fig-  189.— Transverse  section  of  a  nerve  consisting  of  a  single 

1  ent  Structures  OI  the  fibre  bundle  ;  from  a  specimen  stained  and  mounted  by  Clarke's 

11                •    T  method,    a,  perineurium ;  h,  endoneurium.    Inside  the  pei-i- 

:  can  De  SnOWn  as  indicated  neurium  is  the  lymphatic  space  between  it  and  the  nerve 

IT,  1?iVr    1  on    O       ^  y-i        1  bundle.    The  nerve-fibres  are  represented  by  rings  with  a 

mj^lg.  lyU,  ^  and  C,  and  central  dot -the  axis  cylinder,    x  120.  (KlbIxV.) 

A. 


and ^C^^dii;™^^!^^'^  nerve-fibres.  A,  the  natural  appearance  ;  B 
(QUAIN.)  ^         showing  the  constituent  structures  as  in  text. 
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in  Fig.  1 89.  These  are  the  axis  cylinder  (3,  Fig.  1 90),  the  medullary  sheath 
or  white  substance  of  Schwann  (2),  and  the  primitive  sheath  (1).  The  axis 
cylinder  is  the  conducting  part  of  the  fibre,  and  runs  continuously  from 
end  to  end.  The  medullary  sheath  is  composed  of  a  fatty  substance  (mye- 
line)  and  is  prone  to  undergo  a  kind  of  coagulation  which  gives  rise  to  the 
double  contour.  This  substance  is  semi-fluid,  and  when  the  nerve  fibre  is 
broken  up,  either  during  hfe  or  after  death,  it  is  apt  to  flow  out  and  so 
we  may  have  free  drops  of  myeline  which  have  a  strongly  refracting 
outline.  The  primitive  sheath  is  a  transparent  membranous  tube  which 
covers  the  fibre  and  keeps  the  medullary  sheath  together.  When 
transverse  sections  of  a  nerve  which  has  been  hardened  and  stained  are 
examined  these  various  constituents  appear  as  in  Fig.  189.  The  axis 
cylinder  is  a  coloured  point  in  the  middle  of  each  fibre.  The  medullary 
sheath  around  this  is  transparent  and  colourless.  The  primitive  sheath 
forms  a  coloured  ring  around  the  fibre. 

If  a  medullated  nerve  fibre  be  examined  after  preparation  with 
osmic  acid,  it  will  be  seen  that,  as  Eanvier  has  shown,  the  medullary 
sheath  is  not  continuous,  but  is  interrupted  at  intervals,  the  axis 
cyhnder  and  primitive  sheath  being  alone  present.  These  nodes  divide 
the  nerve  fibre  into  sections  therefore,  and  each  section  receives  a 
further  individuality  from  the  fact  that  about  its  middle  an  oval  nucleus 
is  present  inside  the  primitive  sheath,  between  it  and  the  medullary 
sheath. 

Non- medullated  or  pale  nerves  have  no  medullary  sheath,  and 
consist  essentially  of  axis  cylinders  each  covered  with  a  primitive 
sheath  in  which  nuclei  occur  at  intervals.  As  the  white  appearance  of 
ordinary  nerves  depends  on  the  medullary  sheath,  non-medullated  nerves 
are  grey  in  colour.  Most  nerves  at  their  peripheral  terminations  lose  the 
medullary  sheath  and  become  pale,  but  some  are  so  throughout,  chiefly 
the  olfactory  nerve  and  the  sympathetic. 

Effects  of  Division  of  Nerve  Stems.— When  a  nerve  is  divided, 
there  occurs  motor  and  sensory  paralysis  in  the  peripheral  parts  depen- 
dent on  it.  But  it  frequently  happens  that  conduction  is  after  a 
time  restored,  the  divided  ends  having  re-united,  and  this  sometimes 
so  rapidly  that  immediate  union  has  been  supposed  to  occur. 
Most  frequently,  howqver,  the  restoration  of  function  is  tardy,  and 
processes  occur  in  the'  nerves  Avhich  have  been  carefully  studied  by 
experimentation  on  animals.  The  changes  which  ensue  on  the  division 
of  a  nerve  occur  mainly  in  the  peripheral  portion  of  it,  and  they  consist 
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in  the  first  place  in  a  degeneration,  by  which  the  structure  is  largely 
destroj^ed,  and  in  the  second  place  in  a  regeneration  by  which  it  is 
restored. 

Before  describing  the  changes  themselves,  we  have  to  refer  to  the 
probable  explanation  of  the  peculiar  degeneration  which  is  the  primary 
occurrence.    The  nutrition  of  the  nerve  fibres  is  under  the  command  of 
certain  ganglionic  trophic  centres,  and  when  the  fibres  are  cut  ofi"  from 
these  centres  they  sufier  in  their  nutrition.    For  the  sensory  fibres  the 
trophic  centres  are  in  the  ganglia  of  the  posterior  or  sensory  roots. 
For  the  eff'erent  nerves  the  centres  are  in  the  anterior  cornua  of  the 
spinal  cord.    Most  nerve  stems  consist  of  both  afferent  and  efferent 
fibres,  but  the  division  of  the  stem  will  cut  the  fibres  off"  from  their 
trophic  centres,  whether  they  be  afferent  or  efferent.    It  is  interesting 
to  observe  that  when  the  posterior  nerve  root  is  divided  on  the  proximal 
side  of  the  ganglion,  its  fibres  degenerate  in  the  central  direction,  or 
towards  the  spinal  cord. 

The  degenerative  process  occurs  in  the  whole  perij)heral  distribution 
of  the  divided  nerve,  and  almost  simultaneously.    The  most  obvious 
change  is  in  the  medullary  sheath.    It  coagulates,  breaks  up  into  drops, 
and  through  time  disappears  by  absorption.    This  disintegration  of  the 
medullary  sheath  occurs  gradually,  and  the  granular  fat  into  which 
it  breaks  up  is  partly  taken  up  by  the  nuclei  of  the  nerve  fibre,  but 
partly  also  finds  its  way  out  of  the  primitive  sheath  and  is  found  in  the 
surrounding  connective  tissue  and  the  walls  of  the  capillaries.    There  is 
some  difi'erence  of  opinion  as  to  the  part  taken  by  the  axis  cylinder  in 
the  process.    Erb  asserts  that  it  persists  after  the  medullary  sheath  has 
been  destroyed,  but  Ramaer  states  that  it  is  broken  up,  its  interruption 
corresponding  with  the  abohtion  of  electric  conductivity  in  the  nerve. 
Whether  the  axis  cylinder  is  destroyed  or  not,  the  nerve  fibre  under- 
goes a  great  transformation  by  the  loss  of  its  medullary  sheath,  and  it 
becomes  converted  into  a  pale  fibre,  interrupted  at  intervals  by  the 
nuclei  or  by  some  persisting  clumps  of  myehne. 

_  It  has  been  indicated  above  that  these  changes  are  degenerative 
in  character,  resulting  from  the  severance  of  the  nerve  fibre  from  its 
trophic  centre.  It  is  asserted  by  Ranvier,  however,  that  the  nuclei, 
which  we  have  seen  to  exist  inside  the  primitive  sheath  between  every 
two  nodes,  take  a  more  active  part  in  the  process.  They  enlarge  and 
clivide,  and,  by  impinging  on  the  medullary  sheath,  help  to  break  it 
up-  It  IS  by  them  also,  according  to  this  author,  that  the  axis  cylinder  is 
interrupted.     This  enlargement  and  division  of  the  nuclei  is  somewhat 
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similar  to  that  which  occurs  in  muscle  in  certain  lesions  of  the  spinal 
cord  to  be  considered  afterwards,  and  it  may  be  regarded  as  inflam- 
matory in  its  nature. 

At  the  place  of  division  of  the  nerve,  as  there  is  a  wound,  there  are 
signs  of  inflammation.  Leucocytes  collect  between  and  around  the 
cut  ends  of  the  nerve,  and  even  penetrate  into  the  primitive  sheath  for 
some  distance.  These  leucocytes,  which  are  most  abundant  soon  after 
the  section,  attack  the  medullary  sheath,  and  assist  in  breaking  it  up  ; 
the  myeline  is  taken  up  by  the  leucocytes  so  as  to  give  them  the  appear- 
ance of  compound  granular  corpuscles.  In  the  central  end  of  the  divided 
nerve,  however,  the  destruction  of  the  medullary  sheath  is  limited,  as 
the  invasion  of  leucocytes  generally  stops  short  at  the  first  node. 

After  a  time  the  inflammation  subsides  largely,  and  the  wound, 
including  skin  and  soft  parts,  is  united  by  a  cicatrix  formed  in  the 
usual  way.  The  divided  ends  of  the  nerves  are  united  by  a  pale 
cicatricial  band,  which  does  not  as  yet  contain  any  proper  nervous 
elements,  and  does  not  effect  a  restoration  of  the  conductivity. 

Conduction  is  restored  by  a  process  of  Regeneration.  According 
to  the  researches  of  Ranvier,  this  occurs  entirely  by  the  axis  cylinders 
of  the  central  end  budding  out  and  extending  first  into  the  cicatrix  and 
then  into  the  peripheral  end.  The  axis  cylinder  enlarges  at  its  ex- 
tremity, and  becomes  divided  longitudinally  into  several  fine  fibres, 
which  grow  out  into  the  cicatrix.  Arrived  at  the  cut  end  of  the  peri- 
pheral portion  they  penetrate  into  it  and  very  frequently  pass  into  the 
primitive  sheath.  In  this  way  a  number  of  new-formed  axis  cylinders 
may  be  found  inside  an  old  nerve-tube,  and  there  may  be  alongside  of 
them  some  pieces  of  persisting  myehne.  These  new  axis-cyhnders  after 
a  time  acquire  medullary  sheaths,  and  the  regeneration  of  the  nerve 
is  completed.  It  should  be  added  that,  according  to  Remak  and  others, 
the  new  fibres  are  not  formed  entirely  by  budding  from  the  central 
end,  but  that  they  arise  also  from  the  remaining  axis-cylinders  of  the 
peripheral  end. 

Hyperemia  and  Acute  Inflammation  of  Nerves.— These  condi- 
tions are  exceedingly  common  as  secondary  processes  in  the  neighbour- 
hood of  wounds  and  inflammations,  but  are  rarely  primary.  Under 
such  circumstances  the  vessels  of  the  nerve  may  be  highly  engorged 
with  blood,  and  there  may  even  be  capillary  hemorrhages.  Leucocytes 
may  be  exuded,  and  may  be  found  in  the  connective  tissue  between  the 
nerve  fibres.    It  is  very  rare,  however,  to  find  a  proper  suppurative 
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inflammation  of  a  nerve.  A  stem  may  be  bathed  in  pus  and  almost 
isolated  by  the  suppuration  around,  and  yet  there  may  be  almost  no  pus 
in  the  connective  tissue  of  the  nerve  itself.  This  seems  to  indicate  that 
the  perineurium  forms  a  barrier  between  the  lymj)h  spaces  of  the  nerve 
and  those  of  surrounding  parts.  If  a  nerve  be  exposed  and  isolated,  and 
the  wound  filled  with  water  in  which  vermillion  is  suspended,  the  leu- 
cocytes which  accumulate  take  up  the  vermillion  and  carry  it  in  various 
directions  but  not  into  the  nerve,  showing  that  there  is  no  open  path 
into  it.  But  if  a  nerve  in  a  suppurating  wound  be  itself  wounded  so 
as  to  lay  open'  its  internal  structure,  the  suppuration  ^vill  readily  extend 
into  it. 


Chronic  Neuritis  is,  like  acute,  for  the  most  part  secondary.  It 
may  remain  after  an  acute  attack,  but  it  may  take  origin  in  a  prolonged 
inflammation  of  some  peripheral  organ.  It  may  have  its  starting  point 
in  an  inflammation  of  a  joint,  in  dysenteric  inflammation  of  the  intes- 
tine, in  inflammation  around  the  kidney,  and  so  on.  It  is  very  impor- 
tant to  observe  that  inflammations  originating  thus  may  extend  up  the 
nerves.  It  is  to  be  presumed  that  the  irritant  gradually  finds  its  way 
along  the  lymph  spaces  of  the  nerve,  which  we  have  seen  to  be  some- 
what independent  of  those  around,  and  the  resulting  inflammation  may 
even  extend  to  the  spinal  cord  and  its  membranes.  Many  cases  which 
have  been  regarded  as  reflex  paralysis  have  been  due,  according  to 
Leyden,  to  this  extension  of  chronic  inflammation  to  the  cord.  There 
may  also  be  an  extension  doAvnwards  to  the  muscles  and  a  consequent 
interstitial  myositis. 

The  inflammation  manifests  itself  in  the  connective  tissue  of  the 
nerve,  the  perineurium  and  endoneurium  presenting  an  excess  of  round 
cells  and  becoming  gradually  thickened.  As  a  consequence  of  this  the 
nerve  fibres  atrophy,  the  medullary  sheath  being  first  destroyed.  The 
nerve  as  a  whole  may  be  thickened  and  indurated,  while  there  is 
actually  an  atrophy  of  the  proper  conducting  fibres.  These  will  be  re- 
cognized as  the  general  characteristics  of  chronic  interstitial  inflamma- 
tions. 

Tumours.— Syphilitic  gummata  are  very  infrequent  in  the  peri- 
pheral nerves,  but  they  do  occur,  especially  on  the  cranial  nerves  inside 
tne  skull  where  they  are  probably  propagated  from  the  membranes  of  the 
nrain.  Leprosy,  as  we  have  already  seen,  sometimes  manifests  itself 
m  the  form  of  tumours  of  granulation  tissue  in  the  nerves.  The 
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NEUROMA  is  strictly  a  tumour  consisting  of  nervous  tissue,  but  as  the 
name  is  applied  to  simple  tumours  of  nerves  in  general,  it  is  customary 
to  refer  to  true  and  false  neuromata.  The  true  neuroma,  as  we  have 
seen,  and  as  Fig.  191  shows,  has  a  similar  structure  to  a  nerve  stem. 


Fig.  191.-  Transverse  section  of  a  neuroma,  showing  nieduUated  nerve 
fibres.    X  80. 


It  presents  nerve  fibres  embedded  in  connective  tissue.  The  fibres  are 
usually  medullated,  but  cases  of  non-medullated  neuromas  have  been  de- 
scribed. The  neuroma  forms  a  hard  tumour  usually  oval  in  shape  and 
very  often  multiple.  Of  the  false  neuromas  there  have  been  cases  of 
FIBROMA,  MYOMA,  MYXOMA.  The  painful  subcutaneous  tumour  {tuber- 
culum  dolorosum)  is  apparently  sometimes  a  fibroma,  sometimes  a  myoma, 
or  even  a  non-medullated  neuroma.  Sarcoma  is  very  rare  in  nerves. 
Cancers  do  not  occur  as  primary  tumours,  but  nerves  are  often  in- 
volved in  the  extension  of  such  tumours.  It  often  happens  that  a 
cancer  or  sarcoma  grows  around  a  nerve,  which  passes  through  its 
midst  without  becoming  the  seat  of  the  tumour  tissue.  This  is  again  to 
be  associated  with  the  apparent  independence  of  the  lymph  spaces  in 
nerves.  Sometimes,  however,  a  cancer  breaks  into  a  nerve  and  grows 
in  the  lymph  spaces  between  the  perineurium  and  the  bundle  of  fibres. 
In  such  cases  the  nerve  fibres  undergo  degeneration. 
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B.— THE  SPINAL  CORD  AND  MEDULLA  OBLONGATA. 


Introduction. — In  what  has  gone  before  a  general  view  has  been 
given  of  the  functions  of  the  central  nervous  system.  Before  beginning 
the  descrij)tion  of  the  special  diseases  of  the  cord  and  medulla  we  have 
to  see  how  these  functions  connect  themselves  with  the  anatomical 
details  of  these  structures. 

The  cord  is  made  up  of  white  and  grey  substance,  the  latter  forming 
the  ganghonic  centres  and  consisting  of  ganglion  cells  in  the  midst  of  a 
fine  network,  the  former  consisting  of  medullated  nerve  fibres  having 
essentially  the  structure  of  those  in  the  perij)heral  nerves. 

The  grey  substance  of  the  cord  is  arranged  in  the  well-known 
form  of  an  anterior  and  a  posterior  cornu  on  either  side.  The  gang- 
lionic centres  have  their  seat  chiefly  in  the  anterior  cornua,  and  form 
tolerably  definite  groups  which  may  here  be  more  particularly  indi- 
cated. 


groi|;'o1'^;S?rcV^  ^n"?  "'^f °f  f '^'^  enlargements,  showing 

f  ceStri^;jSan,^Cps  ^^Ross^^^  '^'^  postero-lateral,  a,  anterior,  i,  internal" 

The  description  may  be  followed  by  reference  to  Fig.  192,  which 
shows  sections  of  the  lumbar  and  cervical  enlargements.    The  groups 
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are  named  according  to  their  situations.  There  are  the  lateral  groups 
lying  along  the  external  parts  of  the  horn  and  divided  into  an  antero- 
lateral and  a  posterolateral  group  {al  and  pi).  Then  in  the  front  of  the 
horn  and  inside  the  antero-lateral  group  is  the  anterior  group  (a),  and 
inside  it  again  and  bordering  on  the  Avhite  substance  is  the  internal 
group  {i).  Towards  the  centre  of  the  horn  is  the  central  group  (c). 
There  is  further  a  group  which  is  later  in  appearing  in  the  development 

of  the  cord,  and  whose  cells  are  gene- 
rally smaller  than  those  of  the  others. 
It  occupies  a  place  between  the  inter- 
nal group  on  the  one  hand  and  the 
central  and  antero-lateral  on  the  other, 
while  the  anterior  group  projects  some- 
what into  it.  This  is  the  median  group 
(m)  which  is  much  larger  in  the  cervical 
than  in  other  parts  of  the  cord,  and  so 
causes  the  horn  to  be  extended  later- 
ally much  more  here  than  elsewhere 
(see  Fig.  192).  Lastly,  there  is  a  group 
of  cells,  generally  called  Clarke's  vesi- 
cular column,  situated  near  the  internal 
border  of  the  posterior  horns  close  to 
the  posterior  commissure.  The  group 
Fig.  193.— Section  of  dorsal  region  of  cord,  is  present  Only .  in  the  lowcr  part  of 
l^o^'^lt^'Z^^^T^l^^^tZ  the  cervical  enlargement,  in  the  dorsal 
ifeTcS-^  region  and  in  the  upper  part  of  the 

lumbar  enlargement  (see  Fig.  193). 
The  white  substance,  consisting  of  nerve  fibres,  forms  connections 
in  the  first  place  with  the  various  orders  of  centres  in  the  cord  itself 
and  in  the  second  place  with  the  higher  centres  above  the  cord,  in  the 
brain.  We  may  thus  distinguish  two  sets  of  nerve  fibres,  one  forming 
connections  within  the  cord  and  medulla  and  the  other  forming  com- 
munications between  the  cord  and  the  cerebellum  and  cerebrum.  These 
two  sets  of  fibres  will  be  divisible  again  into  afferent  and  efferent. 

It  is  a  fact  of  very  peculiar  interest,  that  the  two  sets  of  fibres  dis- 
tinguished above  seem  to  be  developed  not  only  separately  but  at 
different  periods,  and  so  the  aid  of  embryology  has  been  sought  to  enable 
us  to  distinguish  between  them.  The  filsres  which  connect  the  diff'erent 
parts  of  the  cord  and  medulla  with  each  other  may  be  regarded  as  the 
primary  or  fundamental  ones,  and  it  is  found  that  they  are  tlie  first 
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formed,  while  those  forming  higher  connections  are  of  subsequent 
development.  As  nerve  fibres  are  first  developed  without  the  medullary 
sheath,  and  recently  formed  tracts  are  therefore  much  paler  than  those 
which  have  acquired  it,  we  have  in  this  a  means  of  distinguishing  the 
fimdamental  from  the  secondary.  What  follows  will  be  understood  by 
reference  to  Fig.  194,  which  represents  a  transverse  section  of  the  cervical 
cord  in  the  foetus  of  nine  months. 


Fig  194. -Cervical  enlargement  of  cord  in  a  fostus  of  nine  months. 
A  and  1 ,  anterior  and  posterior  cornua  ;  G,  columns  of  GoU  •  T 
columns  of  TUrck  ;  ar  andpr,  anterior  and  posterior  root-zones  ;  »t 
pyramidal  tract ;  dc,  direct  cerebeUar  tract.  (Ross.) 

The  first  developed  fibres  immediately  surround  the  grey  matter,  and 
are  called  the  anterior  and  posterior  root-zones.  As  they  form 
communications  between  one  part  of  the  grey  matter  and  another,  the 
hbres  are  comparatively  short  and  their  number  is  generally  in  pro- 
portion to  the  amount  of  grey  matter,  or  at  least  of  gangHon  cells  in 
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the  homs.  These  fibres  therefore  do  not  diminish  from  above  down- 
wards as  do  the  others. 

Of  the  fibres  forming  communications  between  the  brain  and  cord, 
the  best  known  are  those  which  convey  the  motor  impulses  from  the 
brain  to  the  cord.  These  form  the  pyramidal  tract.  We  shall  after- 
wards trace  them  from  the  cortex  of  the  brain  downwards,  but  at  present 
we  take  them  up  at  the  medulla  oblongata.  Here  they  form  the  anterior 
pyramids  and  most  of  the  fibres  decussate  so  that  in  the  cord  they 
occupy  the  opposite  side  to  that  which  they  have  in  the  brain.  Some 
of  them,  however,  do  not  decussate,  but  remain  in  the  anterior  parts  of 
the  cord,  forming  a  small  band  on  either  side  of  the  anterior  longitudinal 
fissure,  the  columns  of  Turck  (T  in  figure).  The  great  mass  of  the 
fibres,  having  decussated,  pass  to  the  lateral  column  of  the  cord,  where 
they  occupy  a  definite  position  in  its  posterior  parts  {pt  in  figure).  The 
fibres  in  both  these  positions  diminish  in  number  from  above  down- 
wards, as  they  pass  into  the  grey  substance  of  the  cord  at  successive 
levels  in  order  to  connect  with  the  centres  in  the  anterior  cornua. 

The  secondary  centripetal  fibres,  or  those  which  form  sensory  con- 
nections between  the  cord  and  brain,  are  represented  by  a  tract  in  the 
posterior  columns  lying  next  the  posterior  longitudinal  fissure,  and 
occupying  a  position  somewhat  similar  to  that  of  the  columns  of  Tiirck 
anteriorly.  These  are  called  the  columns  of  Goll  {G  in  figm^e),  and 
they  also  diminish  from  above  downwards. 

Besides  this  there  is  a  tract  which  forms  communications  between  the 
cerebellum  and  the  cord,  but  which  is  not  of  late  development.  This 
is  the  so-called  cerebellar  tract  {dc  in  figure),  which  lies  in  the 
lateral  column  outside  the  pyramidal  tract,  and  as  if  flattened  against 
the  surface.  The  function  of  this  tract  is  not  known,  but  it  is  com- 
posed of  centripetal  fibres  and  diminishes  from  above  downwards  even 
more  quickly  than  the  pyramidal  tract,  so  that  by  its  disappearance  the 
latter  may  come  to  the  surface. 

In  the  MEDULLA  OBLONGATA  the  grey  and  white  substances  of  the 
cord  may  be  traced  upwards,  but  they  undergo  considerable  dislocation. 
From  the  examination  of  Fig.  195  it  will  be  seen  that,  as  the  central  canal 
passes  backwards  and  finally  opens  out  in  the  fourth  ventricle,  the  grey 
matter,  departing  from  its  arrangement  into  cornua  but  still  aggregated  in 
the  neighbourhood  of  the  central  canal  and  ventricle,  forms  various 
masses  in  the  posterior  part  of  the  medidla.  These  masses  have  special 
importance  as  being  the  nuclei  of  origin  of  certain  nerves,  and  will  be 
afterwards  more  particularly  referred  to,  in  connection  with  bulbar 
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paralysis.  The  white  substance  gradually  comes  to  occupy  the  middle 
and  anterior  parts  of  the  medulla,  and  the  olivary  body  is  intercalated 


in  its  midst.  The  pyramidal  tract  is 
easily  recognised  here,  forming  the 
anterior  pyramids  (p),  which  decus- 
sate at  the  lower  part  of  the  medulla 
(A ).  The  motor  fibres  having  assumed 
a  position  in  front  remain  anterior  to 
the  sensory  in  the  rest  of  their  course 
upwards  in  the  brain. 


SECONDARY  DEGENEEATIONS 
IN  THE  COED. 

We  have  already  seen  that  when 
a  nerve  stem  in  an  animal  or  in  man 
is  divided,  the  peripheral  portion  of 
the  nerve  degenerates.  The  most  pro- 
minent changes  are  in  the  medullary 
sheath  which  coagulates,  then  breaks 
up,  and  is  finally  absorbed.  The  de- 
generation occurs  from  the  point  of 
section  towards  the  periphery,  and  we 
have  seen  that  the  explanation  of  this 
seems  to  be  that  the  nerve  fibres  are 
cut  off"  from  their  trophic  centres  in 
the  cord. 

In  the  central  nervous  system  a 
somewhat  similar  secondary  degene- 
ration occurs  when  the  fibres  are  in- 
terrupted, either  by  division,  as  in 
experiments  on  animals,  or  by  coarse 
lesions  in  man.  The  degeneration  is 
of  the  same  character  as  in  peripheral 
nerves,  and  results  in  the  destruction 
of  the  medullary  sheath.  It  is  known 
that  the  opaque  dead  white  colour  of 
the  white  or  fibrous  nerve  substance 
IS  due  to  the  medullary  sheath,  which  is  g 
If  this  medullary  sheath  be  lost  then  tl 
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Fig.  195.— Medulla  oblongata  at  various- 
levels,  A,  at  decussation  of  pyramids (p),  the 
general  shape  of  the  cornua  still  retained. 

B,  higher  up,  the  gi-ey  matter  passing  back- 
wards, and  pyramids  becoming  more  isolated. 

C,  in  fourth  ventricle  the  nuclei  in  the  floor 
of  which  are  shown.  (Quain.) 

highly  refracting  fatty  substance, 
e  white  nerve  substance  becomes 
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grey,  and  so  we  speak  of  greV  degeneration  in  all  cases  where  the  me- 
dullary sheath  is  lost,  whether  from  the  cause  we  are  considering  or  not. 
A  tract  of  white  nervous  tissue  affected  with  this  degeneration  will  he 
like  a  tract  of  grey  substance.  Again,  in  preparing  the  tissue  of  the 
nervous  system  for  microscopic  examination,  some  form  of  the  method 
introduced  by  Lockhart  Clarke  is  generally  used.  In  this  method 
staining  by  carmine  or  other  dye  is  employed,  and  as  the  medullary 
sheath  does  not  take  on  the  staining  at  all,  and  as  it  is  the  most  bulky 
constituent  of  the  white  substance,  the  normal  white  substance  as  a 
whole  is  less  deeply  stained  than  the  grey  substance.  "When  secondary 
degeneration  has  occurred,  the  effect  of  staining  is  to  make  the  altered 
white  substance  appear  like  the  grey  substance.  In  figures  representing 
grey  degeneration  therefore  the  affected  parts  will  be  shaded  like  the 
grey  substance. 

When  a  degenerated  area  is  examined  more  particularly  under  the 
microscope  the  most  marked  change  is  the  great  reduction  in  the  num- 
ber of  nerve  fibres,  as 
shown  in  figure  196. 
The  connective  sub- 
stance is  greatl)^  in- 
creased, and  the  nerve 
fibres  appear  only  at 
intervals,  a  feAV  sur- 
viving in  the  midst  of 
the  general  destruc- 
tion. There  is  some- 
times also  consider- 
able shrinking  of  the 

Fig.  196.— Sclerosis  or  grey  degeneration  of  cord.    To  the  right  is 
normal  white  substance.    To  the  left  the  degenerated  tissue  shows  aegeneratea  area,  DUt 
a  gi-anular  basis  substance  in  which  a  few  nerve  fibres  are  still  .  ,  mz-ivo 

visible.    From  a  case  of  descending  degeneration.    X  80.  tms    IS     mUCU  mOie 

manifest  in  the  medulla  oblongata  and  parts  above  it  than  in  the 
cord. 

In  addition  to  simple  degeneration  there  is  sometimes  a  new-forma- 
tion of  connective  tissue,  which  some  regard  as  inflammatory  in  char- 
acter. The  inflammatory  character  is  little  marked  in  secondary 
degeneration,  but  there  are  some  forms  of  grey  degeneration  in  which 
the  inflammatory  new-formation  is  perhaps  the  primary  factor,  and  the 
degeneration  of  the  nerve  fibres  the  result  of  it.  Whether  there  be 
new-formed  connective  tissue  or  not,  and  whether  the  process  be 
inflammatory  or  not,  the  absence  of  the  soft  medullary  sheath  causes 
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a  hardening  of  the  tissue,  and  so  the  term  SCLEROSIS  when  applied  to 
the  white  substance  is  nearly  equivalent  to  grey  degeneration. 

It  has  been  said  above  that  the  degenera- 
tion occurs  in  the  fibres  which  are  cut  off 
from  their  trophic  centres,  and  it  seems  that 
in  the  cord  the  trophic  centres  are  at  the 
lower  termination  of  the  centripetal  fibres 
and  the  upper  termination  of  the  centrifugal. 
Hence  the  degeneration  follows  the  direction 
in  which  the  nerve  conducts,  passing  upwards 
from  the  seat  of  lesion  in  the  case  of  centripetal 
fibres  and  downwards  in  the  case  of  centri- 
fugal. So  we  speak  of  ascending  and  descend- 
ing sclerosis. 

The  degeneration  takes  some  time  to  de- 
velop. According  to  experiments  in  dogs 
it  begins  fourteen  dsijs  after  the  infliction 
of  an  injury,  but  it  is  many  weeks  before 
the  aj)pearances  are  fully  establ^hed. 


Descending  Grey  Degeneration  {des- 
cending sclerosis). — As  we  have  just  seen,  this 
lesion  affects  centrifugal  or  motor  fibres,  in- 
cluding the  fibres  of  the  anterior  root-zone 
and  the  pyramidal  tract.  The  former  are 
short  fibres,  and  when  they  are  interrupted 
there  is  a  descending  degeneration  extending 
only  a  short  distance  downwards.  But  the 
fibres  of  the  pyramidal  tract  are  continuous 
from  the  brain  downwards  to  the  extremity 
of  the  cord,  and  wherever  interrupted  they 
show  degeneration  in  all  parts  situated  below 
the  lesion. 

The  degeneration  of  the  pyramidal  tract 
is  most  frequently  brought  about  by  a  lesion 
of  the  brain,  and  in  that  case  it  exists  in  the 
parts  of  the  tract  above  as  well  as  in  those 
below  the  medulla  oblongata,  where  we  shall  hJ'^'  i^V,?^^^,^,"*^""?  dcgeuem- 

.  t5         »vaioiD  vvc  biiciu  tion  m  medulla  oblongata  and  cord. 

trace  it  afterwards.    We  have  herp  to  m-n     ^'^duiia  at  fourth  ventricle,  b,  at 

•  I       .  ^         ^"J^^"  decussation,  c,  o!,  e,/,  cord  in  upper 

SlCler  It  m  the  medulla   and    cord      Tn  ,'i'^d  lower  cervical,  dorsal,  and  lum- 

■wvyiVM.,     J.XX  1,11^  bar  regions. 
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medulla  oblongata  it  occupies  the  anterior  pyramid  (see  Fig.  197  a), 
Avhere  it  frequently  produces  great  shrinking.  At  the  lower  part  of 
the  medulla  (b)  the  degenerated  fibres  decussate  and  the  degeneration 
takes  up  its  position  at  first  at  the  side  of  the  central  canal  (see 
fig.),  afterwards,  in  the  cord,  passing  into  the  lateral  columns  in  the 
regular  position  of  the  pyramidal  tract  (c,  d,  e,  f).  In  some  cases  it  entirely 
decussates,  but  the  columns  of  Tiirck  in  the  anterior  white  columns 
are  also  affected  in  most  cases.  In  its  whole  course  the  lesion  dimin- 
ishes from  above  downwards,  but  is  traceable  down  to  the  lumbar  region. 

It  will  be  understood  that,  if  the  pyramidal  tract  be  interrupted  in 
any  part  of  its  course  the  degeneration  follows  in  all  succeeding  parts. 
If  the  entire  cord  be  divided  there  is,  immediately  beneath  the 
point  of  section,  a  degeneration  of  the  anterior  root-zones  which  is 
continued  but  a  short  distance.  There  is  also  a  degeneration  of 
the  pyramidal  tract  continued  downwards  the  whole  length  of  the  cord. 
The  interruption  either  in  the  cord  or  brain  may  be  incomplete,  and  in 
that  case  the  degenerated  fibres  will  be  fewer  in  number  and  the  area 
less  distinctive  in  appearance. 

We  have  already  seen  that  the  pyramidal  fibres  end  in  the  cord  at 
successive  levels,  passing  into  the  ganghonic  centres.  When  the  fibres 
are  degenerated  the  ganglion  cells  will  not  be  affected  except  that  they 
are  cut  off  from  the  higher  centres  and  left  more  to  themselves.  They 
are  still  connected  with  the  muscles,  which  retain  their  contractile  power. 
Voluntary  motion  is  lost,  but  certain  involuntary  muscular  phenomena 
may  be  even  exaggerated. 

There  are  two  symptoms  generally  supposed  to  be  related  to  degen- 
eration of  the  lateral  columns  of  the  cord  which  it  is  proper  here  to 
consider  with  a  view  to  their  probable  pathology,  these  are  the  so-called 
late  rigidity  and  the  exaggerated  tendon  reflex. 

Late  rigidity,  occurring  in  hemiplegia,  comes  on  a  considerable 
time  after  the  onset  of  the  paralysis,  and  may  be  regarded  as  coinciding 
in  time  with  the  full  development  of  the  sclerosis.  There  is  here  a 
more  or  less  permanent  contraction  of  some  muscles  with  absence  of 
contraction  in  others,  producing  sometimes  fixation  of  the  members  of 
the  body  in  special  positions  so  as  to  have  the  appearance  of  deformity. 
This  fixed  condition,  due  to  the  muscular  spasm,  is  often  called  CON- 
TRACTURE. It  implies  a  continuous  impulse  to  the  contracted  muscles 
orioinating  in  the  cord  or  elsewhere.  Charcot  suggests  that  the  inflam- 
matory pr^'ocess  which  he  supposes  to  be  involved  in  the  sclerosis  may 
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irritate  the  fibres  passing  to  the  anterior  cornua  and  so  result  in  the 
stimulation  of  the  muscular  centres  there.    But  this  view  can  hardly  be 
accepted ;  there  may  be  almost  no  signs  of  inflammation  in  the  affected 
part  and  yet  marked  rigidity.     Besides,  it  is  difficult  to  understand 
how  irritation  of  degenerated  and  \drtually  lost  fibres  should  cause 
stimulation  of  the  ganglion  cells.    A  more  probable  explanation  is  sug- 
gested by  Hitzig.  Taking  as  an  example  the  case  of  the  arm.  in  hemiplegia, 
it  appears  that  the  contraction  occurs  most  readily  in  those  muscles  which 
are  in  a  position  to  contract  most  easily.  The  hemiplegic  generally  lies  in 
bed  with  his  forearm  across  his  chest,  and  even  when  walking  about  he 
supports  it  across  his  chest,  and  it  is  the  biceps  which  becomes  rigid. 
Then  it  has  been  shown  that  when  the  fingers  are  released  from  the 
action  of  the  muscles  and  left  to  assume  the  position  to  which  the  bones 
and  ligaments  best  accommodate  themselves,  they  assume  a  semi-flexed 
position,  such  as  we  see  in  the  dead  body.    It  is  obvious  that  the  flexor 
muscles  will  most  easily  contract  under  these  circumstances,  and  it  is 
they  which  get  rigid  in  hemiplegics.    Take  along  Avith  this  the  fact  which 
Volkmann  points  out,  that  muscles  can  actively  contract  but  cannot  ac- 
tively relax,  and  it  is  seen  that  ai^y  slight  impulse  is  apt  to  be  cumulative 
when  there  is  no  action  of  antagonistic  muscles.    The  ganglion  cells  of 
the  anterior  cornua  are  still  in  connection  with  the  muscles,  and 
although  cut  off  from  the  upper  brain  are  still  exposed  to  irregular  and, 
as  it  were,  accidental  stimulation.    There  are  reflex  stimuli,  and  there 
are  stimuli  from  above  conveyed  in  a  roundabout  way  through  the  still 
open  communications  in  the  cord.    A  multitude  of  slight  stimulations 
will  reach  the  ganglion  cells  and  feeble  impulses  Avill  be  conveyed  to 
the  muscles.    Those  which  from  their  position  are  stretched  will  not 
contract,  but  those  which  are  so  placed  as  to  contract  easily  will  do  so,  at 
first  feebly  but  with  cumulative  force.   This  view  is  supported  by  the  fact 
that,  in  the  early  stages  of  late  rigidity,  there  is  often  considerable 
relaxation  of  the  muscles  after  prolonged  rest  as  in  sleep,  so  that  a  limb 
which  was  rigid  at  night  is  found  in  the  morning  soft  and  movable. 
The  ganglion  cells  in  sleep  are  protected  from  external  stimulation  and 
they  cease  acting. 

The  exaggerated  tendon  reflex  may  be  regarded  as  due  to  the  isola- 
tion of  the  muscular  centres  in  the  cord.  When  the  control  of  higher 
centres  is  removed,  lower  centres  usually  act  more  readily.  The  skin 
reflex  is  frequently  decreased,  but  the  muscular  centres  seem  to  be 
more  powerfully  acted  on  by  stimuli  coming  from  the  muscles. 
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It  may  be  added  that  these  two  symptoms  are  prominent  in  the 

spastic  paralysis  of  Erb,  where  there  is,  as 
we  shall  see  farther  on,  a  spontaneous  scle- 
rosis of  the  lateral  columns. 


Ascending  Grey  Degeneration  (as- 
cending sclerosis). — This  condition  occurs  as 
a  result  of  any  cause  which  interrupts  the 
ascending  or  sensory  fibres  of  the  cord.  It 
may  be  the  consequence  of  pressure  by  tum- 
ours, haemorrhages,  abscesses,  fractured  or 
displaced  vertebrae,  inflammatory  products, 
etc.  It  occurs  in  parts  above  the  seat  of 
interruption,  and  the  degenerated  filjres  are 
centripetal. 

The  degeneration  affects  the  centripetal 
fibres,  and  these  we  have  already  seen  to  be 
of  two  kinds.     There  are  the  short  fibres 
communicating  between  different  segments 
of  the  cord,  and  forming  the  posterior  root- 
zones,  and  there  are  the  longer  fibres  com- 
municating between  the  cord  and  brain,  and 
forming  the  columns  of  Goll  and  the  direct 
cerebellar  tracts.     Immediately  above  the 
lesion,  both  of  these  are  aff'ected  so  that  the 
degeneration  has  considerable  lateral  exten- 
sion involving  the  whole  of  the  posterior 
columns  and  the  direct  cerebellar  tracts. 
But  the  lesion  soon  limits  itself  to  the  col- 
umns of  Goll  and  the  direct  cerebellar  tract 
(see  Fig.  198),  and  in  these  parts  it  can  be 
traced  up  to  the  restiform  body  on  the  one 
hand,   and  the  cerebellum  on  the  other. 
According  to  SchiefFerdecker,  the  degenera- 
tion in  these  two  situations  diminishes  from 
J^-slS.i:lT^l'^StM&  below  upwards,  the  diminution  occurring  at 
'^^^Ig^^Se^^on  affict      intervals  as  if  at  definite  levels  fibres  passed 
&t:Vt?.f£Zt%e^^^^^        into  the  cord. 

but  above  that  it  is  confined  to  the        g^^^  ^^^^^  -^^^^  recorded  111  wMch 

two  latter.    At  /  to  ft,  tne  columns 

of  Turck  and  the  pyramidal  tracts    t^mour  pressine  on  the  cauda  eqiuna,  or  a 

are  affected,   (Erb.)  "  i  d  i 
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severe  traumatic  lesion  of  the  sciatic  nerves,  had  led  to  ascending  de- 
generation of  the  cord.  In  the  lumbar  and  lower  dorsal  regions  the 
whole  jjosterior  white  columns  were  degenerated,  but  on  passing  ujd- 
wards  the  degeneration  became  limited  to  the  columns  of  GoU  and 
cerebellar  fibres  as  above. 

It  mil  be  evident  that  a  lesion  which  interrupts  the  cord  will  lead  to 
an  ascending  degeneration  above  its  seat  and  a  descending  degeneration 
below  it,  as  in  figure  198.  The  degeneration  will  diminish  in  both  cases 
as  we  pass  from  the  lesion,  quickly  at  first,  but  afterwards  more  gradually. 

Degeneration  in  the  cord  after  amputations  has  been  observed 
in  a  number  of  cases.  The  removal  of  a  limb  abolishes  the  function  of 
the  nervous  structures  concerned  in  the  movements  and  other  actions  of 
the  limb,  and  so  these  structures  undergo  atrophy  from  disuse.  The  pos- 
terior roots  of  the  nerves  are  often  slightly  atrophied,  but  the  white 
columns  of  the  cord  are  not  affected.  The  principal  change  is  in  the 
anterior  cornua,  where  some  of  the  ganglion  cells  completely  disappear, 
and  others  are  shorn  of  their  processes  and  atrophied.  This  occurs  at 
a  part  of  the  cord  corresponding  with  the  amputated  limb,  and  on  the 
same  side  of  the  body.  If  the  aniputation  has  been  made  comparatively 
late  in  life,  there  is  usually  little  change  in  the  cord;  the  earlier  the  age 
of  the  person  at  the  time  of  the  amputation  the  more  likely  are  these 
changes  to  occur. 

In  a  case  recorded  by  Edinger,  in  which  intra-uterine  amputation  of 
the  forearm  had  occurred,  and  the  person  lived  to  the  age  of  52,  there 
was  considerable  atrophy  of  the  nerves  and  of  the  corresponding  half  of 
the  cord,  especially  of  the  grey  matter.  There  was  also  some  atrophy 
in  the  motor  region  of  the  convolutions  in  the  brain. 


INFLAMMATIONS  OF  THE  SPINAL  COED. 

In  its  widest  acceptation,  inflammation  of  the  spinal  cord,  or  mye- 
litis, includes  a  large  number  of  widely  different  conditions,  each  of 
which  will  be  considered  separately  afterwards.  The  cases  may  for 
convenience  be  divided  into  two  groups.  In  one  of  these  the  affection 
has  a  limited  longitudinal  extension,  but  involves  the  cord  rather  in 
Its  thickness.  For  this  class  of  cases  it  is  customary  to  use  the  ex- 
pression transverse  myelitis  in  order  to  distinguish  from  those 
m  which  a  considerable  length  of  cord  is  attacked,  while  the  inflam- 
mation has  a  limited  transverse  extension.    The  former  are  usually 
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due  to  a  definite  cause  which  acts  on  the  cord  at  a  particular  level. 
In  the  second  group  the  inflammation  follows  a  particular  physiological 
system  in  the  cord,  as  for  instance  a  tract  of  white  suhstance,  and 
extends  in  it  for  some  distance  from  above  downwards.  Such  inflam- 
mations may  involve  the  white  substance  or  the  grey  substance,  and 
they  are  often  distinguished  by  the  names  poliomyelitis  (TroAtos  =  grey) 
and  LEUCOMYELITIS  (XevKos  =  white).  These  inflammations  have  for  the 
most  part  no  assignable  cause,  and  are  sometimes  called  spontaneous. 
Closely  allied  to  these  systematic  inflammations  there  is  a  form  of 
spontaneous  myelitis  in  which  the  distribution  is  somewhat  irregular, 
but  still  has  a  certain  tendency  to  localize  itself.  We  shall  consider  the 
two  classes  indicated  above  under  separate  headings. 

TEANSVEESE  MYELITIS. 

1.  Acute  transverse  myelitis,  or  simply  Acute  Myelitis. — 
Acute  inflammation  of  the  spinal  cord  is  nearly  always  secondary 
to  some  other  condition.  It  may  be  produced  by  fracture,  dislocation, 
acute  curvature  of  the  vertebrse,  direct  injury  to  the  cord.  It  may  be 
caused  by  extension  of  inflammation,  as  when  an  abscess  penetrates  into 
the  spinal  canal,  producing  inflammation  first  of  the  meninges.  A 
tumour  may  produce  it  by  compression,  but  as  the  compression  is 
usually  gradual  there  is  more  frequently  a  chronic  myelitis,  and  the 
same  applies  to  most  cases  of  curvature  of  the  spine.  Acute  myelitis 
also  occurs  in  consequence  of  exposure  to  cold,  especially  when  the  body 
has  been  overheated.  It  may  be  a  complication  or  sequel  of  an  acute 
specific  fever,  as  typhus,  and  it  is  said  to  be  not  uncommon  in  syphiHtic 
patients. 

The  myelitis  is  limited  in  longitudinal  extent,  and  as  the  usual 
result  is  softening  of  the  cord,  the  expression  acute  softening 
OF  THE  coed  is  almost  equivalent  to  myeHtis.  The  softening  is 
usually  most  manifest  in  the  grey  substance  and  may  even  be  appar- 
ently confined  to  it,  but  it  really  involves  the  Avhite  substance  as  well, 
and  usually  the  whole  thickness  of  the  cord. 

The  softened  nervous  tissue  presents,  in  different  cases,  considerable 
variations  in  colour,  so  that  red,  yelloAV,  grey,  white,  and  even  green 
softening  have  been  described.  If  much  blood  has  escaped  from  the 
vessels,  there  Mali  be  red  softening  merging  into  yelloAV. 

The  characteristic  morbid  changes  are  the  breaking-up  of  the  nervous 
tissue  and  fatty  degeneration  of  the  other  structures.    In  the  white 
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substance  drops  of  myeline  escaped  from  the  medullary  sheath  are 
found,  and  the  axis  C3dinders  are  swollen.  The  fatty  degeneration  is 
manifested  in  the  presence  of  abundant  compound  granular  corpuscles, 
which,  to  a  large  extent,  are  probably  leucocytes  or  neuroglia  cells, 
which  have  picked  up  the  disintegrated  myeline  but  there  may  be 
abundant  leucocytes  ajDart  from  these  cells.  There  is  also  fatty 
degeneration  of  the  walls  of  the  blood-vessels,  the  fat  here  having  a 
similar  source. 

The  myelitis  rarely  goes  on  to  suppuration,  but  usually  passes  into  a 
chronic  stage.  The  fat,  both  of  the  medullary  sheath  and  of  the  com- 
pound granular  corpuscles,  is  absorbed,  and  a  condition  of  grey  softening 
remains.  As  the  inflammation  becomes  more  chronic  there  is  new- 
formation  of  connective  tissue  of  a  cicatricial  character.  In  this  way 
the  cord  at  the  part  affected  may  be  replaced  by  a  cicatrix,  or  by  a  cyst, 
and  its  conduction  completely  interrupted.  In  some  cases  the  interrup- 
tion is  not  so  complete,  and  there  may  even  be  a  partial  regeneration 
of  the  conducting  fibres,  and  a  partial  recovery  from  the  consequent 
l^aralysis.  As  a  consequence  of  the  interruption  in  the  white  substance, 
there  is  ascending  and  descendjirig  grey  degeneration  of  the  usual 
distribution. 


2.  Chronic  Transverse  Myelitis. — We  have  just  seen  that  this 
condition  may  follow  on  an  acute  myelitis,  but  the  inflammation  may 
be  chronic  from  the  first,  when  it  is  produced  by  an  irritant  which  acts 
gradually.  It  is  most  frequently  the  result  of  chronic  compression  of 
the  cord,  as  in  the  case  of  curvature,  or  pressure  by  a  tumour.  It  may 
also  be  propagated  from  the  membranes,  a  spinal  meningitis  passing 
into  a  myelitis.  We  have  already  seen  that  it  may  arise  by  extension 
from  a  peripheral  nerve,  the  inflammation  travelling  upwards  to  the 
cord. 

The  changes  produced  are  those  common  to  chronic  inflammations. 
There  is  new-formation  of  a  dense  connective  tissue,  developing  in  the 
usual  way  from  cells  hke  those  of  granulations.  The  new-formed  tissue 
causes  compression  of  the  proper  nervous  elements  and  their  atrophy. 
In  the  white  substance  the  nerve  fibres  disappear,  and  in  the  grey 
substance  the  ganglion  cells.  With  the  growth  of  this  dense  tissue 
there  is  an  induration  of  the  cord,  and  the  term  sclerosis  is  appli- 
cable. In  the  white  substance  sclerosis,  causing  the  disappearance  of 
the  nerve  fibres,  brings  about  a  grey  condition,  so  that  the  appear- 
ances of  grey  degeneration  are  produced.    There  is  also  a  degree  of 
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shrinking  of  the  parts,  and  this  is  often  especially  manifest  in  the  grey 
substance. 

As  the  nervous  structures  are  partially  or  completely  destroyed  there 
is  a  greater  or  less  interruption  of  the  cord,  and  this  results  in  the  usual 
secondary  degenerations  above  and  below  the  seat  of  the  lesion. 

SYSTEMATIC  MYELITIS. 

As  already  indicated,  in  the  diseases  included  here  the  affection 
follows  certain  physiological  systems,  and  we  have,  in  the  first  place,  to 
inquire  whether  any  explanation  of  this  can  be  suggested. 

In  almost  all  the  examples  of  inflammation  studied  in  other  parts 
of  this  work,  the  extension  of  the  process  is  along  definite  paths. 
The  irritant  has  been  brought  to  an  organ  by  the  blood-vessels,  or  by 
some  path  of  transit,  such  as  a  mucous  canal,  and  it  has  extended,  it 
may  be,  by  the  lymphatics  or  along  a  surface.  In  the  lesions  here  to  be 
considered,  however,  the  problem  is  much  more  difficult.  The  localiza- 
tion of  the  disease  bears  no  relation  to  the  blood-vessels  or  lymphatic 
vessels,  and  if  the  irritant  is  brought  by  the  blood  there  must  be  local 
peculiarities  leading  to  differences  in  the  susceptibility  of  different 
structures. 

In  studying  the  various  structures  which  constitute  the  cord  we  saw 
that  in  the  development  of  the  cord  a  certain  difference  is  apparent.  In 
the  wliite  substance  there  are  certain  fundamental  structures  constituting 
the  root-zones,  and  certain  accessory  tracts  which  are  separately  de- 
veloped, and  mostly  of  later  formation.  In  the  grey  substance  also 
there  are  differences  in  the  periods  at  which  the  groups  of  ganglion 
cells  appear,  so  much  so  that  some  of  them  which  appear  later  than 
the  rest  have  been  named  accessory  nuclei.  These  are  chiefly  the 
median  and  medio-lateral  groups.  It  is  hardly  remarkable  that  these 
various  tracts  of  white  substance  and  groups  of  ganglion  cells  should 
have  various  powers  of  resistance,  and  that  the  more  recently  developed 
or  accessory  structures  should  be  least  resistant.  It  is  even  conceivable 
that  some  of  these  should  be,  from  their  origin,  so  unstable  that  without 
any  exciting  cause  they  may  tend  to  degenerate.  In  this  way  the 
boundary  line  between  actual  inflammations  and  simple  degenerations 
is  reached.  There  are  some  of  the  diseases  here  to  be  considered  which 
have  undoubtedly  the  characters  of  inflammation,  and  even  of  acute 
inflammation.  But  there  are  others  in  which  the  characters  are  rather 
those  of  a  chronic  degeneration  or  atrophy  of  the  structures  concerned, 
with  very  little  of  an  inflammatory  character. 
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There  are  thus  various  degrees  of  susceptibility  in  the  different 
structures  of  the  cord  and  medulla  ol^longata,  and  when  an  irritant 
exists  in  the  blood,  developed  perhaps  in  connection  with  exposure 
to  cold  or  otherwise,  there  will  be,  according  to  circumstances,  various 
manifestations.  In  this  connection  it  will  be  understood  how  syphilis 
ias  frequently  something  to  do  with  the  causation  of  these  diseases. 

1.  Sclerosis  of  the  Posterior  Columns  {Locomotor  Ataxia,  Tabes 
Dorsalis). — If  the  cord  is  examined  in  well  advanced  cases  of  this  disease, 
the  posterior  white  columns  are  found  grey  and  shrunken,  and  the  pos- 
terior roots  are  also  atrophied.  There  is  often  meningitis,  the  soft  mem- 
branes being  thickened  and  adherent  to  the  cord  beneath  as  well  as  to  the 
■dura  mater  on  the  surface.  The  meningitis  corresponds  in  its  extent  to  the 
degeneration,  and  is  evidence  of  the  inflammatory  nature  of  the  disease 
in  the  cord  itself.  In  early  stages  of  the  disease  the  changes  in  the  cord 
may  be  invisible  to  the  naked  eye,  but  can  be  detected  with  the  micro- 
scope. In  advanced  stages  there  may  be  similar  changes  in  the  optic 
nerve,  the  oculo-motor,  the  hypoglossal,  etc. 

The  lesion  consists  primarily  in  Ian  inflammatory  new-formation,  round 
cells  are  first  produced  which  may  be  seen  most  abundantly  near  the 
blood-vessels ;  afterwards  there  is  the  usual  inflammatory  new-formation 
of  connective  tissue,  which  may  even  be  fibrillated.  There  is  corres- 
ponding destruction  of  the  nerve-fibres  ;  in  the  earlier  stages  the  fibres 
are  still  present,  but  separated  by  connective  tissue  ;  through  time,  how- 
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Fig.  199.— Amyloid  bodies  from  cord,    x  300. 


Fig.  200. — Posterior  sclerosis  in  an  Ocarly 
stage,  confined  to  the  external  part  of  the 
posterior  columns.  (Pierret  quoted  by  Eiib.) 


ever,  very  few  nerve  fibres  are  left  in  the  degenerated  part.  In  earlier 
periods  compound  granular  corpuscles  may\e  met  with,  and  in  later 
stages  there  are  commonly  large  numbers  of  amyloid  bodies.  These 
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are  round  or  oval  bodies  three  or  four  times  the  size  of  blood  corpuscles, 
and  presenting  a  peculiar  bright  glancing  appearance  (Fig.  199).  They 
frequently  present  a  concentric  striation  like  grains  of  potato  starch, 
and  with  iodine  they  take  on  a  deep  brown  colouration.  These  bodies 
are  sometimes  present  in  such  numbers  as  to  form  the  most  prominent 
feature  under  the  microscope. 

The  posterior  columns  are  the  parts  affected,  but  Charcot  has  pointed 
out  that  the  disease  does  not  invade  these  columns  uniformly.  Its 
special  seat  is  the  outer  parts  of  the  posterior  columns,  those  next  to  the 
posterior  cornua  (the  posterior  root-zones),  and  it  is  stated  that  these 
alone  are  affected  in  the  earHer  stages  (see  Fig.  200).  The  columns 
of  Goll  are  secondarily  invaded,  and  probably  as  the  result  of  an 
ascending  sclerosis.  That  this  is  so  appears  from  the  actual  examination 
of  the  cord  at  various  levels.  The  disease  begins,  and  is  usually  most 
advanced,  in  the  lumbar  region,  but  in  the  lowest  part  of  that  region 
the  lateral  parts  of  the  posterior  columns  may  be  alone  involved.  On 
passing  upwards  the  columns  of  Goll  become  also  affected,  so  that  in 
the  upper  half  of  the  lumbar  swelling  the  degeneration  may  be  co- 
extensive with  the  posterior  columns.  This  continues  in  the  dorsal 
region,  but  in  the  cervical  the  sclerosis  begins  to  diminish  laterally,  and 
shades  off  into  the  columns  of  Goll,  in  which  it  may  be  continued  up 
into  the  restiform  body.  The  actual  primary  lesion  is  therefore  that  in 
the  lateral  parts  of  the  posterior  columns,  and  the  affection  in  the 
columns  of  Goll  is  really  an  ascending  secondary  degeneration,  these 
columns  being,  as  already  stated,  the  principal  seat  of  ascending 
sclerosis. 

Besides  extending  to  the  columns  of  Goll,  the  disease  spreads  com- 
monly to  the  posterior  roots,  which  are  often  much  atrophied.  It  may 
also  extend  to  the  posterior  grey  cornua,  in  which  case  anaesthesia 
occurs,  or  to  the  lateral  columns,  in  which  case  paralysis  ensues  ;  or  it 
may  even  pass  through  to  the  anterior  cornua,  when  muscular  atrophy 
occurs  in  addition  to  paralysis. 

The  PHYSIOLOGY  of  this  disease  is  a  very  difficult  suljject.  It 
is  known  that  the  most  prominent  symptom  is  imperfect  coordination 
of  the  muscular  movements,  and  that  this  is  usually  associated  in  its 
early  periods  with  violent  pains,  and  sometimes  in  later  stages  with 
anaesthesia.  There  are  two  views  as  to  the  cause  of  the  in-coordination. 
According  to  one,  the  connection  between  the  cerebellum  (which  is  the 
centre  for  coordination)  and  the  cord  is  interrupted ;  and  according  to 
the  other,  it  is  centripetal  or  sensory  fibres  that  are  interrupted.  The 
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severe  lightning  pains  of  the  early  periods  point  to  irritation  of  sensory 
fibres,  and  the  region  affected  is  one  where  centripetal  fibres  are 
undoubtedly  in  preponderating  numbers.  The  secondary  extension  to 
the  columns  of  Goll  also  points  to  interruption  of  centripetal  fibres,  and 
on  the  whole  there  seems  no  escape  from  this  view.  It  is  no  objection 
to  it  that  antesthesia  is  absent  in  most  cases,  and  is  usually  a  late 
symptom,  because  sensory  conduction  appears  to  be  by  many  paths,  and 
interruption  of  one  set  of  centripetal  fibres  does  not  abolish  it. 

Taking  it  for  granted  that  the  in-coordination  is  due  to  interruption 
of  centripetal  fibres,  we  have  to  inquire  how  it  comes  about.  Lockhart 
Clarke  has  made  a  very  suggestive  observation  in  this  regard.  He 
notes  that  there  is  probably  an  interruption  of  the  centripetal  fibres 
which  are  concerned  in  the  reflex  function  of  the  cord.  We  know 
that  in  locomotor  ataxia  the  tendon  reflex  is  abolished  (according 
to  Erb  whenever  the  ataxia  is  developed),  and  this  seems  to  indicate 
that  the  reflex  fibres  from  tendons  and  muscles  are  sj)ecially  in- 
volved. Lockhart  Clarke  suggests  that  the  normal  tonicity  of  the  muscles 
is  due  to  the  continuous  stimulation  of  the  ganglion  cells  of  the  anterior 
cornua  by  stimuli  conveyed  from  the  cutaneous  surface,  is  in  fact  a  kind 
of  i3ermanent  reflex  action.  The  reflex  fibres  being  interrupted,  the 
tonicity  is  interfered  with,  and  the  contraction  of  the  muscles  starts,  as 
it  were,  at  a  disadvantage,  from  an  indeterminate  state  of  relaxation. 
To  this  it  may  be  objected,  that  the  tonicity  is  probably  as  much  due 
to  accidental  stimulation  of  the  motor  ganglia  from  above,  and,  besides, 
that  ordinary  reflex  action  may  be  well  retained  with  advanced  ataxia.  It 
is  here  to  be  noted  that  in  order  to  an  efficient  contraction  of  a  muscle  the 
centre  producing  the  contraction  must  be  in  close  communication  with 
the  muscle  by  centripetal  fibres,  in  order  that  it  may,  as  it  were,  start 
the  contraction  with  a  knowledge  of  the  state  of  the  muscle.  Any 
interruption  to  this  delicate  adjustment  between  muscle  and  centre  must 
seriously  interfere  with  the  efficiency  of  the  contraction,  and  the  in-co- 
ordination may  be  accounted  for  on  this  ground.  That  there  is  such 
interruption  is  rendered  evident  by  the  loss  of  the  tendon  reflex,  but 
short  of  absolute  destruction  of  the  connections,  there  may  be  such  an 
interference  with  them  as  to  render  the  contractions  inefficient.  The 
absence  of  this  knowledge  of  the  condition  of  the  muscles  previous 
to  contraction  may  be  partly  compensated  by  using  the  eyes  to  direct 
the  movements,  the  motor  cells  in  the  cord  being,  as  it  were,  informed 
from  above  of  the  state  of  the  muscles. 

The  occasional  supervention  of  aneesthesia  in  locomotor  ataxia  is  to 
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be  held  as  indiccating  an  extension  of  the  disease  to  the  grey  matter  of 
the  cord.  The  occurrence  of  true  paralysis  indicates  that  the  neigh- 
bouring motor  tracts  in  the  lateral  columns  have  become  involved. 

The  sclerosis  not  infrequently  extends  beyond  the  cord.  Of  very 
common  occurrence  is  atrophy  of  the  optic  nerve  from  sclerosis,  and 
there  may  be  affections  of  the  auditory  and  other  cerebral  nerves. 
There  may  be  in-coordination  of  the  muscles  of  the  eyeball  and  of  those 
of  speech,  indicating  the  extension  of  the  disease  to  the  medulla 
oblongata. 

In  addition  to  the  conditions  already  referred  to,  Charcot  has  called 
special  attention  to  certain  trophic  lesions  which  occasionally  occur 
in  locomotor  ataxia.  These  are  of  three  kinds,  namely,  certain 
cutaneous  eruptions,  muscular  atrophy,  and  affections  of  the  joints. 
The  CUTANEOUS  ERUPTIONS  occur  in  the  earlier  periods,  usually  coincid- 
ing with  the  attacks  of  lightning  pains,  and  they  are  in  the  form  of  local 
eruptions  of  herpes,  lichen,  pemphigus.  As  these  occur  in  the  earlier 
periods,  and  are  coincident  with  the  pains  which  are  evidences  of  irrita- 
tion of  the  centripetal  fibres,  we  may  infer  that  the  trophic  fibres  of  the 
skin  are  situated  in  the  posterior  roots,  and  that  it  is  because  these  are 
involved  in  the  inflammatory  process  that  the  cutaneous  eruptions  occur. 
Muscular  atrophy  is  not  very  common  in  locomotor  ataxia,  and  is  of 
later  occurrence.  The  muscles  may  waste  as  a  direct  result  of  paralysis, 
but  this  is  a  slow  atrophy  from  disuse.  In  some  cases,  however,  there 
are  localized  atrophies  of  special  muscles  similar  to  those  in  jDrogressive 
muscular  atrophy  and  in  bulbar  paralysis.  In  these  cases  the  disease  has 
extended  to  the  anterior  cornua  in  which  are  situated  the  trophic 
centres  of  the  muscles,  and  there  is  destruction  of  the  ganghon  cells 
there,  just  as  in  progressive  muscular  atrophy.  The  affections  of 
the  JOINTS  consist  in  comparatively  acute  swellings,  with  exudation, 
followed  by  atrophy  of  the  ends  of  the  bones.  Dislocations  of  the  joints 
may  occur  in  consequence.  These  trophic  disturbances  of  the  joints 
seem  also  to  occur  in  cases  where  the  disease  extends  to  the  anterior 
cornua,  the  trophic  centres  for  the  whole  organs  of  locomotion  having 
their  seat  there.  The  propagation  of  the  disease  to  the  anterior  cornua, 
leading  to  muscular  atrophy  or  trophic  affections  of  the  joints,  seems  to 
be  not  uncommon,  and  may  occur  at  a  comparatively  early  period.  This 
can  hardly  be  regarded  as  remarkable  when  we  consider  that  there  are, 
for  purposes  of  reflex  action,  direct  connections  between  the  posterior 
root-zones  and  the  anterior  cornua. 
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Friedrich's  Hereditary  Ataxia. — A  considerable  number  of  cases 
have  been  described  in  which  motor  in-coordination  has  appeared  at  an 
early  age  in  several  members  of  the  same  family.  There  is,  in  these 
cases,  probably  a  congenital  faulty  development  of  the  cord,  and  the 
ataxia  is  the  consequence  rather  of  a  degenerative  than  an  inflammatory 
process.  Consistently  with  this  there  are  seldom  hghtning  pains,  or  any 
affection  of  sensation.  There  is  also  little  tendency  to  transverse  exten- 
sion of  the  lesion  in  the  cord,  but,  on  the  other  hand,  the  longitudinal 
extension  is  very  rapid,  the  disease  attacking  almost  the  whole  extent 
of  the  cord  at  once.  It  also  extends  to  the  medulla  oblongata,  as 
evidenced  by  the  occurrence  of  disturbance  of  speech  and  nystagmus. 

General  Paralysis  of  the  insane  is  often  associated  with  ataxia, 
and  the  spinal  cord  presents  sclerosis  of  the  posterior  columns  similar 
to  that  in  ordinary  ataxia. 

2.  Spontaneous  Lateral  Sclerosis  {ErVs  Spastic  Paralysis). — In 
studying  descending  degeneration,  we  saw  that  the  pyramidal  tract  is 
liable  to  secondary  changes  when  interrupted  in  its  course.  In  the  dis- 
ease now  under  consideration,  we  Ihave  an  independent  disease  of  the  pyr- 
amidal tract,  having  a  similar  anatomical  distribution.  It  usually  begins 
in  the  lumbar  cord,  and  attacks  simultaneously  both  pyramidal  tracts. 
These  cases  are  of  somewhat  frequent  occurrence,  but  seldom  come  to 
post-mortem  examination.  In  a  case  recorded  by  Dreschfeld,  however, 
sclerosis  was  found  in  the  lateral  columns. 

The  symptoms  already  referred  to  as  characteristic  of  descending 
sclerosis  are  here  very  pronounced,  namely,  spasm  of  the  muscles 
chiefly  of  the  lower  extremity,  with  exaggerated  tendon  reflex.  There 
is  also,  of  course,  paralysis. 

The  sclerosis  appears  to  extend  not  infrequently  from  the  pyramidal 
tract  to  the  anterior  cornua  of  the  grey  substance.  In  that  case  there 
is  muscular  atrophy  in  addition  to  the  other  phenomena.  To  conditions 
of  this  kind,  Charcot  has  given  the  name  amyotrophic  lateral 
sclerosis. 

3.  Poliomyelitis  anterior  acuta  {Infantile  Paralysis,  Acute  Atrophic 
Spinal  Paralysis).— This  is  a  disease  mostly  of  infancy  and  early  childhood, 
but  not  by  any  means  unknown  in  the  adult.  At  the  onset  there  are 
usually  signs  of  acute  inflammation  (fever,  sometimes  convulsions),  but 
these  symptoms  may  be  very  shght,  and  the  first  thing  noticed  is  the 
paralysis.   Whether  accompanied  by  fever  or  not,  the  paralysis  develops 
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suddenly,  and  generally  attains  its  full  extent  almost  at  once.  It  may 
aflFect  both  arms  and  both  legs,  or  the  legs  alone,  or  the  arms  alone,  or 
the  leg  and  arm  on  one  side,  or  one  leg  or  one  arm  alone.  After 
some  weeks,  the  paralysis  begins  to  improve,  and  may  go  on  im- 
proving for  some  time.  Complete  recovery  rarely  results,  and  gener- 
ally the  paralysis  affects  certain  muscles  permanently.  The  whole 
muscles  of  a  limb  may  remain  paralysed,  or  the  paralysis  may  l)e 
limited  to  a  group  or  two  of  muscles.  In  the  permanently  paralysed 
muscles  a  rapid  atrophy  occurs  which  becomes  very  extreme.  The 
bones  of  the  paralysed  part  do  not  grow  normally,  and  the  articula- 
tions are  imperfectly  adjusted.  Certain  deformities  ensue,  the  com- 
monest and  most  prominent  of  Avhich  is  clubfoot.  Curvature  of  the 
spine  is  also  a  comparatively  frequent  result.  All  through  the  disease 
the  patient  may  maintain  good  general  health,  and  after  recovery  from 
the  initial  fever  he  may  present  nothing  abnormal  but  the  paralysis  and 
atrophy.  Through  time  he  learns  to  use  his  remaining  muscles  to  the 
best  advantage,  and  may  pass  through  a  long  life  maimed  by  the 
infantile  attack. 

In  its  anatomical  aspects,  the  disease  is  an  acute  inflammation  of  the 
grey  substance  of  the  anterior  cornua  of  the  cord.  There  are  no  obser- 
vations as  to  the  changes  at  the  very  outset  of  the  disease,  but  there 
can  be  little  doubt  that  there  is  the  usual  inflammatory  hypersemia  and 
oedema,  causing  by  pressure  interference  with  the  ganglion  cells  of  the 
anterior  cornua.  Some  cases  have  also  been  observed  in  which  there 
was  hsemorrhage  in  the  anterior  horns.  The  earliest  cases  examined 
had  been  already  two  months  affected  with  the  disease,  and  at  this 
date  little  can  be  made  out  with  the  naked  eye.  Under  the  microscope, 
however,  the  anterior  cornua  are  seen  to  be  altered,  not  continuously, 
but  in  patches.  They  contain  numerous  round  cells  and  compound  gran- 
ular corpuscles.  The  ganglion  cells  in  certain  of  the  groups  have  dis- 
appeared or  have  shrunk  considerably.  At  the  peripherj^  of  the  affected 
patches  round  cells  are  aggregated  and  there  is  already  some  shrinking 
of  the  patches.  The  condition  is  most  manifest  in  the  lumbar  and 
cervical  enlargements.  The  anterior  roots  are  also  someAvhat  atrophied, 
and  show  evidences  of  degenerative  changes. 

Many  cases  have  been  examined  years  after  the  onset  of  the  disease, 
at  intervals  varying  from  seventeen  to  sixty-one  years,  and  the  changes 
have  been  very  obvious  even  to  the  naked  eye.  These  consist  of 
sclerosis  with  shrinking,  mainly  of  the  anterior  grey  cornua,  but  also  of 
the  anterior  and  antero-lateral  columns  of  white  substance  (see  Fig.  201). 
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These  changes  are  very  manifest  when  the  cord  has  been  hardened  and 
fine  transverse  sections  made.  The  shrinking  of  the  horn  affects  cer- 
tain of  the  groups  of  cells  specially,  and  the  shrunken  part  consists 


Fig.  201. — Anterior  poliomyelitis.  The  left  antei-ior  comu  in  the  cer- 
vical region  is  shrunken,  and  there  is  atrojihy  of  all  the  white  columns  on 
that  side.  From  a  woman,  aged  50,  who  was  the  subject  of  infantile  par- 
alysis of  the  right  arm.  (Charcot.) 


largely  of  connective  tissue  in  which  no  ganglion  cells  are  visible  or 
only  deformed  and  pigmented  ones.  There  is  connective  tissue  vdth 
abundant  nuclei  and  enormous  numbers  of  amyloid  bodies.  There  is 
also  sclerosis  of  the  antero-lateral  columns,  the  connective  substance 
being  increased  and  the  nerve  fibres  to  some  extent  atrophied.  The 
lesion  in  the  anterior  cornua  is  by  no  means  homogeneous  or  sym- 
metrical. One  cornu  may  be  atrophied  and  the  other  normal,  and  on 
examining  sections  at  different  levels  there  is  great  variety  in  the 
longitudinal  distribution. 

In  the  early  periods  of  the  disease  the  extensive  paralysis  seems  due 
to  pressure  by  the  distended  vessels  and  inflammatory  exudation,  and 
in  some  cases  by  extravasated  blood.  In  this  period  some  ganglion  cells 
may  be  destroyed,  but  those  not  destroyed  may  recover  as  the  acute 
inflammation  passes  off.  In  many  parts  the  inflammation  is  slight 
and  subsides  completely,  in  others  it  is  severe  and  goes  on  ta 
sclerosis,  and  there  is  permanent  destruction  of  the  ganglion  cells. 
Hence  it  is  that  a  paralysis  which  has  been  at  first  almost  universal 
may  be  recovered  from  almost  completely.    The  improvement  goes  on 
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till  all  the  cells  which  are  capable  of  it  have  recovered,  and  there  is  a 
residue  which  have  been  permanently  lost  and  cannot  be  restored. 
These  permanently  lost  cells  represent  single  muscles  and  groups  of 
muscles,  and  there  is  a  corresponding  localized  paralysis. 

The  centres  which  have  the  direct  control  of  the  contractions  of  the 
individual  muscles  are  probably  the  centres  which  command  the  nutri- 
tion of  the  muscles  and  their  nerves ;  or  the  trophic  centres,  if  separate, 
must  at  least  lie  alongside  of  the  muscular  centres.  For  the  perman- 
ently paralysed  muscles  soon  undergo  a  marked  and  rapid  atrophy  and 
the  fibres  of  the  anterior  roots  also  degenerate.  The  muscular  atrophy 
is  not  simply  from  disuse,  for  it  is  much  greater  and  more  rapid  than 
in  cases  of  paralysis  where  the  anterior  cornua  are  not  affected.  The 
muscles  rapidly  get  soft  and  emaciated,  and  may  entirely  disappear. 
Besides  the  loss  of  substance  there  may  be  proliferation  of  the  nuclei  of 
the  interstitial  connective  tissue,  and  sometimes  there  is  infiltration  of 
fat  in  the  interstitial  tissue,  so  that  the  muscle  may  appear  less 
atrophied  than  it  really  is.  The  defective  development  of  the  bones 
and  joints  may  be  partly  from  disuse,  but  also  probably  to  some  extent 
from  destruction  of  trophic  centres. 

Although  most  common  in  children  a  good  many  cases  of  this  dis- 
ease have  noAv  been  recorded  in  adults.  Here  also  it  is  ushered  in  by 
acute  symptoms  such  as  fever,  pain  in  back  and  extremities,  vomiting, 
headache.  The  paralysis  develops  mostly  in  a  few  hours,  but  it  may  be 
as  long  as  a  day  or  two.  After  a  time  recovery  begins,  and  is  more 
frequently  complete  than  in  the  case  of  children.  It  is  frequently  in- 
complete, and  then  we  have  paralytic  deformities,  which,  however,  as 
the  bones  are  fully  formed  are  not  so  striking  as  in  the  case  of  children. 
Here,  also,  there  is  rapid  atrophy  of  the  muscles,  Avhich  is  not  so  liable 
to  be  concealed  by  fatty  infiltration  as  in  the  case  of  children. 

4.  Poliomyelitis  anterior  chronica. — Some  very  interesting  cases 
have  been  recorded  in  which,  with  little  or  no  fever  or  disturbance  of 
the  general  health,  a  motor  paralysis  has  occurred,  and  in  the  course  of 
a  few  days  or  weeks  has  extended  to  the  entire  lower  limb  and  then 
rapidly  to  the  upper.  It  rarely  takes  the  opposite  course.  The  mus- 
cles become  slack  and  soft  and  lose  their  reflex  irritability,  and  they 
rapidly  atrophy.  There  have  been  few  post-mortem  examinations  as 
yet,  but  they  seem  to  show  a  chronic  inflammation  or  sclerosis  of  the 
anterior  cornua  with  loss  of  the  ganglion  cells.     The  disease  is  fre- 
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quently  recovered  from,  but  recovery  is  slow  and  complete  restitution 
may  take  years.  On  the  other  hand,  the  disease  may  extend  upwards 
and  produce  death.  In  this  disease,  also,  it  will  be  observed  centres  for 
contraction  and  trophic  centres  seem  to  be  simultaneously  affected. 

5.  Progressive  Muscular  Atrophy. — This  disease,  although  its 
name  points  to  an  affection  of  the  muscles,  is  yet  considered  here, 
because  there  is  every  reason  to  believe  that  an  affection  of  the  spinal 
cord  is  the  primary  lesion,  the  muscular  condition  being  secondary. 

In  its  clinical  aspects  the  main  feature  is  a  gradually  progressive 
atrophy  and  consequent  paralysis  of  the  muscles.  It  very  commonly 
begins  in  the  muscles  of  the  hand,  but  progresses  from  one  muscle  to 
another  till  the  death  of  the  patient.  In  its  later  stages  it  frequently 
becomes  associated  with  a  corresponding  disease  of  the  medulla 
oblongata,  namely,  bulbar  paralysis,  to  be  considered  next. 

The  change  in  the  muscles  consists  in  what  may  be  regarded  as  a 
chronic  inflammation  of  them.  The  muscular  nuclei  increase  in  num- 
ber, and  as  the  contractile  substance  diminishes,  the  sarcolemma  may 
come  to  be  filled  with  cells,  the  result  of  this  proliferation  of  the 
muscular  nuclei.  At  the  same  time  the  interstitial  connective  tissue 
shows  active  changes,  increase  of  nuclei,  and  new-formation  of  connec- 
tive tissue.  In  the  muscular  substance  various  forms  of  degeneration 
have  been  observed,  chiefly  fatty  and  waxy,  or  simple  atrophy.  In 
any  case  the  muscular  fibres  are  lost  by  degrees  and  the  connective 
tissue  increased  but  not  -  sufficiently  to  make  up  the  bulk  of  the  lost 
muscular  substance.  Sometimes  a  fatty  infiltration  of  the  connective 
tissue  occurs,  so  that  adipose  tissue  comes  to  occupy  the  place  of  the 
muscle  to  a  large  extent.  This  change,  if  it  occurs,  is  only  local,  and 
pure  atrophy  may  exist  side  by  side  with  atrophy  with  formation  of 
adipose  tissue.  This  formation  of  adipose  tissue  is  mostly  a  late,  and  by 
no  means,  a  characteristic,  occurrence  in  this  disease. 

Although  these  changes  are  very  manifest  in  the  muscles  those  in 
the  spinal  cord  are  doubtless  the  primary  ones.  There  have  been  now 
not  a  few  trustworthy  observations  in  which  the  large  ganglion  cells  in 
the  anterior  comua  have  been  found  destroyed.  Their  destruction  is 
variously  described  as  due  to  chronic  inflammation  or  atrophy,  and  at  the 
best  nothing  can  be  found  in  the  aff"ected  region  but  the  shrivelled  re- 
mains of  these  ganglion  cells.  This  is  probably  an  inflammation 
extending  slowly  along  the  cord  and  confining  itself  to  the  anterior  grey 
cornua. 
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As  to  the  exact  locality  of  the  affected  ganglion  cells,  it  is,  according 
to  Ross,  the  central  grey  column  (the  grey  substance  on  either  side  of 
the  central  canal)  which  is  most  affected,  being  traversed  by  large 
canals  and  fibrillated.    In  the  annexed  figure  (Fig.  202)  it  is  also  seen 

that  the  cells  of  the  median  grouj) 
have  entirely  disappeared,  while  the 
other  groups  of  the  anterior  cornua 
are  limited  in  size,  the  peripheral 
cells  of  the  groups  having  disap- 
peared, leaving  only  the  more  central 
ones.  It  very  commonly  happens 
that,  short  of  absolute  destruction  of 
the  ganglion  cells,  they  are  greatly 
atrophied  and  pigmented  (pigmentary 
atrophy). 

It  is  to  be  added  that  Leyden  has 
recorded  a  case  of  progressive  mus- 
cular atrophy  in  which  there  was  the 
peculiar  condition  of  the  cord  desig- 
nated Syringoiviyelia  ;  in  this  there 
are  gaps  of  a  longitudinal  shape 
and  filled  with  fluid  present  in  the 
cord.   These  cavities  result  probably 

stance  is  fibrillated ;  the  median  group  of  cells   f,.nm  an  inflnmmatnrv  nrnrpss  and 

has  disappeared,  and  the  other  gi-oups  are  ^^^"^  mnammatory  process,  ana 
atrophied.  (Boss.)  i\ie\:Q  is  along  with  their  formation 

a  destruction  of  ganglion  cells,  so  that  fundamentally  this  case  is  not 
different  to  the  others. 

In  some  cases  there  has  been,  in  addition  to  disease  of  the  anterior 
cornua,  atrophy  of  the  anterior  roots  of  the  nerves,  but  this  has  not 
been  observed  in  all  cases.  There  has  also  been  observed  at  the  peri- 
pheral terminations  of  the  nerves  and  in  immediate  connection  mth  the 
muscles  a  condition  somewhat  analogous  to  that  of  the  muscles.  There 
was  thickening  of  the  nerve  sheath  with  multij^hcation  of  nuclei.  Al- 
though generally  confined  to  the  fine  intramuscular  tAvigs  these  changes 
sometimes  extend  into  the  nerve  stems. 

It  may  be  asked  How  is  the  atrophy  here  such  a  remarkable 
feature,  apparently  preceding  the  paralysis  ?  It  is  difficult  to  answer 
this  question,  but  it  looks  as  if  the  trophic  ganglion  cells  and  proper 
muscular  ones  were  different  and  yet  situated  close  to  each  other.  The 
trophic  are  in  this  disease  first  affected  seriously. 


Fig.  202.  —Progressive  muscular  atrophy — 
section  of  cord  in  cervical  region,  from  an  ad- 
vanced case.    The  central  portion  of  grey  sub- 
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6.  Bulbar  Paralysis,  or  Glosso-Labio- Laryngeal  Paralysis. 
—This  condition  is  called  bulbar  paralysis  from  the  fact  that  the  part 
affected  is  the  medulla  oblongata,  which  is  frequently  designated  the 
bulb.  There  is  progressive  atrophy  and  paralysis  of  muscles  supplied 
from  the  medulla  oblongata.  The  muscles  are  mainly  those  of  the 
tongue,  lips,  arches  of  palate,  pharynx  and  larynx,  and  in  consequence 
there  is  progressive  interference  with  articulation,  chewing,  swallowing, 
and  even  with  the  production  of  the  voice.  The  disease  may  pass  on 
later  to  affect  the  more  important  functions  of  the  medulla  oblongata, 
those  concerned  in  respiration,  etc. 

We  have  already  seen  in  connection  with  the  normal  structure 
of  the  medulla  oblongata  that  on  passing  from  the  cord  the  grey  sub- 
stance is  dislocated  backwards,  and  that  in  the  posterior  region  of  the 
medulla  a  set  of  grey  nuclei  appear,  which,  as  the  spinal  canal  opens  up 
in  the  fourth  ventricle,  present  themselves  in  the  floor  of  that  ventricle. 
These  nuclei  are  mainly  motor,  corresponding  with  the  anterior  cornua, 
and  they  form  the  immediate  centres  for  certain  cerebral  nerves  (see  Fig. 
203).  In  the  lower  half  of  the  fourth 
ventricle  we  find  the  hj^poglossal  nfic- 
leus  (xii')  occupying  the  part  next 
the  middle  hne.  Outside  it  there  is 
the  spinal  accessory  nucleus  which 
begins  in  the  cord,  and  does  not  extend 
far  in  the  floor  of  the  ventricle  ;  it  is 
.  not  shown  in  figure,  but  gives  place 
to  the  nucleus  of  the  pneumogastric 
or  vagus  (x').  Outside  the  vagus 
appears  the  glosso-pharyngeal,  which 
partially  divides  the  vagus  nucleus  into 
two 

nucleus  gets  smaller  and  the  hypoglossal  and  glosso-pharyngeal  ap 
proximate  to  each  other.  Above  that  again  come  in  the  nucleus  of  the 
sixth  (the  abducens)  in  the  middle  line,  and  outside  that  the  motor 
nucleus  of  the  fifth  and  the  facial.  Outside  these  again  are  sensory 
nuclei,  those  of  the  acoustic  and  of  the  fifth. 

In  bulbar  paralysis  there  is  atrophy  of  these  grey  nuclei.  It  is 
seldom  that  opportunity  is  aff-orded  of  examining  the  medulla  in  recent 
stages,  but  according  to  Benedikt,  who  had  such  an  opportunity,  there 
are  definite  signs  of  inflammation,  hypergemia,  thickening  of  the  walls 
of  the  vessels,  and  numerous  round  cells.    In  later  periods  increase  of 


Fig.  203. -Medulla  oblongata  at  the  level  of 
the  fourth  ventricle,  showing  the  position  of 

As  we  pass  upwards  the  vagus      ^'"^^  (Q^^in.) 
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the  connective  tissue,  with  round  cells  and  amyloid  bodies,  have  been 
observed.  These  changes  centre  in  the  nucleus  of  the  hypoglossal,  and 
this  nucleus  is  usually  most  seriously  damaged,  but  they  pass  soon  to  the 
accessory  and  vagus,  while  the  glosso-pharyngeal  sometimes,  but  not 
usually,  escapes.  The  nucleus  of  the  facial  is  often  attacked,  and  some- 
times that  of  the  motor  branch  of  the  fifth.  The  disease  seldom  extends 
to  the  abducens,  and  never  attacks  the  sensory  nuclei  of  the  acoustic 
and  fifth. 

The  corresponding  nerves  usually  show  considerable  atrophy,  espe- 
pecially  the  hypoglossal,  and  next  to  it  the  accessory,  vagus,  and 
glosso-pharyngeal.  In  them  may  be  found  a  fatty  degeneration  involv- 
ing destruction  of  the  medullary  sheath  and  subsequent  overgrowth  of 
connective  tissue.  In  this  way  the  nerve-root  msiy  come  to  be  almost 
nothing  but  a  connective-tissue  strand. 

In  the  affected  muscles  the  change  is  exactly  j^arallel  to  that  in  pro- 
gressive muscular  atrof)hy  with  which  sooner  or  later  this  disease  is  so 
frequently  associated.  There  is  increase  of  the  muscular  nuclei  and 
connective  tissue,  with  destruction  of  the  proper  contractile  substance, 
and  consequent  atrophy  of  the  muscle  as  a  whole.  Thus  the  tongue, 
palatine  arches,  lips,  pharynx,  and  larynx  may  have  their  muscles 
intensely  atrophied.  Sometimes  also  the  muscles  of  the  neck,  especially 
the  trapezius  (supplied  by  the  spinal  accessory),  are  affected.  In  some 
cases  the  atrophy  is  obscured,  as  in  progressive  muscular  atrophy,  by 
the  interstitial  tissue  becoming  adippse. 

7,  PsEUDO -HYPERTROPHIC  PARALYSIS. — It  is  a  disputed  point 
whether  this  disease  is  primarily  one  of  the  muscles  or  of  the  cord,  but 
it  presents  some  features  similar  to  those  of  the  last  two  affections  we 
have  considered,  and  deserves  notice  here. 

The  disease  consists  in  a  great  atrophy  of  the  muscular  substance 
proper,  with  a  great  new-formation  of  adipose  tissue  in  the  muscle. 
Gowers  describes  the  appearance  in  a  case  where  a  post-mortem  examin- 
ation was  procured  as  follows  : — "  On  cutting  into  the  gastrocnemius  it 
was  difficult  to  believe  that  the  section  was  that  of  muscle.  Its  appear- 
ance was  precisely  that  of  a  fatty  tumour — a  yellow  greasy  mass  of  fat, 
in  which  no  trace  of  muscular  redness  could  be  perceived.  Under  the 
microscope  the  resemblance  to  a  fatty  tumour  was  also  strikingly  close. 
Cells  distended  with  homogeneous  fat  covered  the  field.  Passing 
among  the  fat  cells,  however,  were  narroAV  bands,  which  consisted  of 
fibrous  tissue  and  muscular  fibres."    This  is  a  very  correct  description 
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Fig.  204.- 


There  is 


-Mu^le  in  pseudo-hypertrophic  paralysis, 
chiefly  adipose  tissue  with  a  few  atrophied  muscular  fibres. 


of  the  appearances  in  advanced  cases.    The  muscular  fibres  which 
.remain  are  of  various  sizes,  and  many  of  them  in  an  advancing  state  of 
atrophy  so  as  hardly  to  be  recognized  as  muscular  fibres,  except  by  the 
transverse  strise  (Fig. 


204).  The  primary 
process  here  is  an  in- 
crease of  the  connective 
tissue  with  atrophy  of 
the  muscle,  the  addition 
of  fat  and  conversion 
into  adipose  tissue  being 
secondary.  This  con- 
version takes  place  vari- 
ously in  diff'erent  mus- 
cles. In  the  same  in- 
di\ddual  you  may  find 
some  muscles  almost 
converted  into  fat  and 
others  in  Avhich  there 
is  very  little  adipose  x  iso. 
tissue,  the  condition  in  the  latter  case  being  virtually  identical  with  that 
in  progressive  muscular  atrophy. 

In  regard  to  the  condition  of  the  spinal  cord  in  this  disease,  not 
many  careful  observations  have  been  made,  and  some  of  these  have 
afforded  apparently  negative  results.  In  a  case  examined  by  Lockhart 
Clarke  and  Gowers  there  were  obvious  changes  in  the  cord,  consisting 
of  sclerosis  and  consequent  disintegration  of  white  and  grey  substance 
in  various  regions.  In  a  case  examined  by  Ross  there  was  very  marked 
atrophy  of  certain  groups  of  ganglion  cells  in  the  lumbar  dorsal  and 
cervical  regions,  the  distribution  of  the  atrophy  varying  in  the  diff'erent 
regions. 

Figures  205  and  206  represent  the  cervical  and  lumbar  enlargements 
in  a  case  examined  by  the  author  in  conjunction  with  Dr.  Alexander 
Robertson.  The  ganglion  cells  in  the  anterior  and  internal  groups  in 
the  cervical  region,  and  in  the  internal  group  in  the  lumbar,  are  defi- 
cient in  number,  but  elsewhere  they  are  abundant,  and  it  could  not  be 
made  out  that  there  was  any  special  shrinking  or  pigmentation  of  the 
ganglion  cells  of  the  various  groups. 

Opinions  are  divided  on  the  question  whether  this  disease  is 
primarily  muscular  or  nervous,  but  the   analogy  with  progressive 
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muscular  atrophy  renders  it  prolmhlo  that  it  is  primarily  a  disease 
of  the  cord. 


Fig,  205. — Cervical  enlargement  in  a  case  of  pseudo-hypertrophic  paralysis. 


TUMOUES  OF  THE  COED  AND  MEDULLA  OBLONGATA. 

Tumours  actually  originating  in  the  cord  or  medulla  are  excessively 
rare  ;  tumours  originating  in  the  membranes  or  elsewhere  outside  the 
■cord  and  pressing  on  the  cord  are  rather  more  common.  Cases  of 
GLIOMA  and  SARCOMA,  and  also  of  fibroma  of  the  cord  and  medulla 
oblongata,  have  been  observed. 

Scrofulous  tubercles  similar  to  those  which  are  so  common 
in  the  brain,  and  will  be  described  hereafter,  have  been  met  with  in  the 
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<iord,  but  are  of  very  rare  occurrence.  They  have  been  found  most 
frequently  in  the  lumbar  region. 

Syphilitic  gummata 
are  also  of  occasional  oc- 
currence. Like  those  of 
the  brain,  they  are  mostly 
superficial  and  involve 
the  membranes,  where 
they  probabl}^  originate. 

Cysts  occur  very 
rarely  in  connection  with 
tumours.  Apart  from 
these,  tubular  cavities 
are  sometimes  met  with 
(syringomyelia).  Some 
of  these  are  due  to  con- 
genital dilatation  of  the 
central  canal  of  the  cord, 
but  many  of  them  are 
of  independent  origin. 
These  latter  are  usually 
situated  in  the  posterior 
columns  and  in  their 
deeper  parts  immedi- 
ately behind  the  central 
canal.  Cavities  of  this 
kind  are  caused  by  ex- 
tensive loss  of  substance, 

but  it  is  often  obscure  how  this  has  come  about 
tion  or  otherwise.     In  this  connection,  it 


Fig.  200. — Lumbar  enlargement  in  a  case  of  pseudo-hyiJcr- 
troiDhic  paralysis. 


whether  1)}^  inflamma- 
teresting  to  note  that 
Eichhorst  found,  in  experiments  on  animals  in  which  the  cord  had 
been  divided  or  injured,  that  cavities  formed  frequently  in  the  posterior 
columns,  and  sometimes  extended  into  the  central  canal.  When  the 
syringomyelia  is  due  to  dilatation  of  the  central  canal  the  cysts  are 
lined  with  ciliated  epithelium,  but  even  in  the  other  forms  this  may 
be  the  case. 


43(1 


DISEASES  OF  THE  NERVOUS  SYSTEM. 


C— THE  ENCEPHALON. 


ANATOMICAL  INTRODUCTION. 

In  the  section  introductory  to  diseases  of  the  spinal  cord  and 
medulla  oblongata  the  course  of  the  respective  tracts  of  nerve  fibres 
and  their  connection  with  the  various  ganglionic  centres  were  traced. 
In  the  encephalon  we  shall  adopt  the  same  method,  premising  that 
the  course  of  the  jBbres  is  here  even  more  important,  as  they  are 
liable  to  be  interrupted  in  a  more  isolated  fashion.  It  is  of  great 
importance  that  the  pathologist  should  have  an  acquaintance  vnth 
the  general  relations  of  parts  so  as  to  identify  the  position  of  lesions. 
In  this  section  nothing  more  is  attempted  than  to  indicate  these  general 
relations,  the  more  intricate  particulars  being  left  to  the  special  works 
on  anatomy.  In  the  actual  work  of  post-mortem  examination,  it  is 
important  to  note  the  exact  locality  of  lesions  on  the  spot.  To  assist 
in  this,  tracings  may  be  made  of  the  figures  which  accompany  this  sec- 
tion, or  of  similar  ones,  the  position  of  the  lesions  being  entered  in 
shading. 


rig.  207.— Pons  varolii.  In  lower  half  the  transverse  section  of  nen-e 
bundle.s  continvied  tipwards  from  the  cord  is  seen,  the  pyramidal  ti-act 
being  in  front  (or  lower  in  figure).  The  Roman  numerals  and  lettei-s 
indicate  the  nuclei  of  sjMual  nerves.  (Quain.) 

In  the  medulla  oblongata,  as  we  have  seen,  the  motor  fibres  which 
have  been  in  the  lateral  columns  of  the  cord  come  forward  and  form  the 
anterior  pyramids,  in  which  they  decussate.  The  sensory  fibres  are  now 
behind,  and  they  remain  posterior  to  the  motor  in  all  the  succeeding 


THE  ENCEPHALON— ANATOMICAL  INTRODUCTION.  .437 


parts.  In  the  PONS  VAROLII  (Fig.  207)  the  motor  fibres  are  in  front, 
forming  bundles,  as  shown  in  lower  half  of  figure,  but  overlaid  by  the 
transverse  fibres  from  the  cerebellum.  Besides  these  fibres,  which  are 
mainly  in  the  anterior  half  of  the  pons,  there  are  grey  nuclei  (shown 
in  figure)  which  continue  uj)  the  series  which  lie  in  the  floor  of  the, 
fourth  ^^entricle  in  the  medulla  oblongata.  In  the  pons  the  principal 
nuclei  are  those  of  the  sixth  and  facial,  the  motor  and  sensory  roots  of 
the  fifth,  and  one  of  the  nuclei  of  the  auditory  nerve.  It  is  to  be 
remembered  also  that  the  fibres  of  these  nerves  in  part  at  least  traverse 
the  pons,  and  are  liable  to  be  involved  by  a  lesion,  even  when  the 
nuclei  are  not  reached. 

In  the  CRURA  CEREBRI,  or  cerebral  peduncles,  the  motor  fibres 
are  in  front  and  internal,  forming  the  greater  part  of  the  crusta. 
Sensory  fibres  occupy  about  the  external  fourth  of  the  crusta.  Behind 
the  crusta  is  the  locus  niger,  behind  which  again  is  the  tegmentum, 
which  contains  a  rather  complex  mass  of  fibres  and  grey  matter. 

Above  the  crura  the  fibres  are  continued  upwards,  the  motor  still 
anterior  and  the  sensory  posteriorf4n  the  mass  of  white  substance  called 
the  INTERNAL  CAPSULE.  It  is  here  necessary  to  be  somewhat  more 
minute  in  the  description  of  the  relation  of  the  structures,  as  these 
relations  are  of  great  importance.  When  one  of  the  lateral  ventricles  of 
the  brain  is  opened,  certain  masses  of  grey  nervous  tissue  are  seen  in  its 
floor.  In  front  there  is  a  long  brown  prominence,  rounded  anteriorly, 
and  tailed  behind.  This  is  the  nucleus  caudatus,  which  is  often  desig- 
nated the  corpus  striatum,  although  really  only  one  piece  of  it. 
Behind  the  nucleus  caudatus  is  the  optic  thalamus  which  is  more  bulky 
and  rounded.  It  is  to  be  remembered  that  in  opening  the  lateral  ventri- 
cle almost  no  nerve  fibres  need  to  be  cut  except  the  commissural  ones  of 
the  corpus  callosum.  The  great  masses  of  nerve  fibres  passing  upwards 
are  as  it  were  pushed  outwards  by  the  lateral  ventricle,  and  we  have  to 
cut  into  its  floor  in  order  to  reach  them.  From  the  accompanying 
figure,  which  represents  a  horizontal  section  of  the  brain  just  below  the 
floor  of  the  lateral  ventricle,  the  relations  of  parts  may  be  gathered 
(Fig.  208).  Beneath  and  outside  the  nucleus  caudatus  {NC),  and  con- 
tmuous  above  and  externally  with  the  great  central  white  substance  of 
the  hemispheres,  the  corona  radiata,  there  is  a  mass  of  white  substance. 
This  is  the  INTERNAL  CAPSULE  in  which  may  be  distinguished  an  an- 
terior division  IK',  a  posterior  division  IK,  and  a  middle  part,  the 
knee  K.  To  the  outside  of  and  beneath  the  internal  capsule  lies  a  mass 
of  grey  substance  {LN),  which  on  section  has  a  triangular  shape  with  the 
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base  turned  outwards,  and  is.seen  to  be  divided  into  three  pieces  (shown 
on  right  side).    This  is  the  nucleus  lenticularis,  which  is  geneiuU) 


Fig.  20S.— Horizontal  section  of  brain  of  a  child  nine  months  old,  the  light  side  at  ii 
somewhat  lower  level  than  the  left,  F,  frontal ;  TS,  temporo-sphenoidal  ;  and  0,  occipi- 
tal lobes  ;  Op,  operculum ;  In,  island  of  Reil ;  Cl.%  claustrum  ;  /"',  third  frontal  convolu- 
tion ;  Th,  thalamus  ;  NC,  nucleus  caudatus  ;  iVC  ,  tail  of  same  ;  LN,  nucleus  lenticularis  ; 
/,  //,  ///,  Its  first,  second,  and  third  divisions  ;  IK,  internal  capsule,  posterior  division  ; 
IK',  anterior  division,  and  k,  knee;  ah  and  ph,  anterior  and  posterior  horns  of  left  lateral 
ventricle;  (icc,  knee  of  corpus  callosum  ;  sp,  splenium  ;  mc,  middle  commissure;  /,  fornix  ; 
si,  septum "lucidum  ;  a,  cornu  Ammonis.    (Ross  from  Flecusu!.) 

regarded  as  a  part  of  the  corpus  striatum  and  motor  in  function.  The 
nucleus  lenticularis  extends  a  considerable  distance  from  before  l)ack- 
wards,  and  in  its  posterior  parts  the  internal  capsule  {IK')  lies  between 
it  and  the  optic  thalamus,  which  has  now  largely  taken  the  place  of  the 
nucleus  caudatus.  -  Outside  the  nucleus  lenticularis  there  is  a  narrow 
band  of  white  substance  (EK),  called  the  external  capsule,  the  cap- 
sules being  named  from  their  relation  to  the  nucleus  lenticularis.  Outside 
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the  external  capsule  again  and  close  to  the  convolutions  (here  the  Island 
of  Reil)  there  is  a  narrow  band  of  grey  substance  (Cls),  which  is  fanci- 
fully compared  to  a  tape-worm,  and  is  called  the  nucleus  tseniseformis  or 
claustrum.  The  anterior  parts  of  the  internal  capsule  then  contain 
motor  fibres,  and  the  posterior  sensory  ;  it  is  generally  said  that  the 
anterior  two-thirds  are  motor,  and  the  posterior  third  sensory. 

It  is  to  be  remembered  that  the  three  nuclei  we  have  referred 
to,  the  nucleus  caudatus,  nucleus  lenticularis,  and  thalamus  opticus, 
receive  fibres  from  and  give  fibres  to  the  internal  capsule.  There  are 
fibres  passing  upwards  to  the  convolutions  and  others  downwards  to 
the  lower  centres.  It  has  been  said  by  some  that  all  the  fibres  from  the 
convolutions  pass  into  the  basal  ganglia,  in  which  case  all  the  fibres  of 
the  internal  capsule  would  end  or  begin  in  these  nuclei,  but  there  is  no 
proper  foundation  for  this  view. 

Passing  upwards,  the  fibres  of  the  internal  capsule  are  continued 
into  the  CORONA  radiata  or  centrum  ovale,  containing  the  white  sub- 
stance of  the  hemispheres,  and  it  may  be  stated  generally  that  in  the 
corona  radiata  motor  fibres  are  exterior  and  sensory  posterior.  But 
besides  these  fibres  there  are  multitudes  which  form  communications 
between  one  part  of  the  convolutions  and  another,  and  altogether  the 
connections  here  are  very  complicated. 

It  will  be  necessary  further  to  make  some  general  remarks  on  the 
cerebral  convolutions  and  their  arrangement,  which  may  be  studied 
in  Ecker's  work,  in  which  the  descriptions  are  very  clear. 

If  the  lateral  aspect  of  one  of  the  cerebral  hemispheres  be  examined 
(see  Fig.  209),  two  great  landmarks  should  first  be  made  out ;  these  are 
the  fissure  of  Sylvius  (SSS),  and  the  fissure  of  Rolando  (liB).  There 
is  no  difl&culty  with  the  fissure  of  Sylvius  of  which  the  main  or  transverse 
arm  is  perfectly  distinct,  while  its  short  ascending  arm  near  the  front 
is  easy  to  make  out.  The  fissure  of  Rolando  passes  obliquely  forward 
from  above  downwards  through  the  middle  of  the  lateral  aspect  of  the 
hemisphere,  not  reaching  the  longitudinal  fissure  above,  or  the  fissure  of 
Sylvius  below.  This  fissure  can  usually  be  recognized  by  the  fact  that 
it  is  bounded  by  or  lies  between  two  convolutions  which  extend  side 
by  side  upwards  and  backwards  from  the  fissure  of  Sylvius  (A,  A,  A 
and  B,  B). 

Having  distinguished  these  two  fissures  the  various  lobes  of  the  brain 
may  now  be  determined.  All  in  front  of  the  fissure  of  Rolando,  and 
above  the  fissure  of  Sylvius,  is  frontal  lobe.    The  parietal  lobe  lies 
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behind  the  fissure  of  Rolando,  and  its  posterior  extremity  is  bounded  by 
a  fissure  which  is  best  seen  on  the  inner  face  of  the  hemisphere,  the 
parieto-occipital  fissure.    This  fissure,  beginning  about  the  edge  of  the 


Fig.  209.— Left  lateral  aspect  of  cerebrum.    Explanation  in  text.  (Quain.) 


great  median  fissure,  passes  do-\\Tiwards  and  forwards  on  the  inner  face 
of  the  hemisphere  (par.  occ.  f.  Fig.  210).  Behind  this  is  the  occipital 
LOBE.  The  remaining  lobe  is  the  temporo-sphenoidal  which  lies 
below  the  fissure  of  Sjdvius  and  extends  backwards  to  meet  the  occipital 
lobe  from  which  it  is  indefinitely  distinguished. 

Turning  now  to  the  principal  convolutions  in  these  lobes,  the 
easiest  to  determine  are  those  bounding  the  fissure  of  Eolando,  one  of 
which  is,  of  course,  in  the  frontal  and  the  other  in  the  parietal  lobe,  and 
so  they  are  called  ascending  frontal  and  ascending  parietal  con- 
volutions respectively.  In  front  of  the  ascending  frontal,  the  frontal 
lobe  presents  three  layers  of  convolutions  {a,  a'  and  a")  which  lie  trans- 
versely and  pass  by  their  posterior  extremities  into  the  ascending  frontal. 
These  transverse  frontal  convolutions  are  distinguished  as  the 
first,  second,  and  third,  or  superior,  middle,  and  inferior.  It  is  not  to 
be  supposed  that  these  are  single  simisle  convolutions,  they  are  rather 
layers  or  strata  of  convolutions.  The  inferior  {a')  is  a  very  im- 
portant one,  and  it  can  generally  be  easil}^  recognized  as  it  curves 
round  the  short  ascending  branch  of  the  fissure  of  Sylvius  (.9).  After 
curving  round  this  branch  it  becomes  continuous  with  the  lower 
end  of  the  ascending  frontal.  At  this  point  the  two  convolutions  form 
a  somewhat  triangular  piece,  and  as  this  lies  over  and  partially  covers 
the  island  of  Reil,  it  is  often  called  the  operculum  (in  the  i^osition 
oi  X  A  m  Fig.  209).    In  addition  to  these  we  have  still  in  the  frontal 
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lobe  the  supraorbital  convolutions  (a*)  which  have  no  arrangement 
that  needs  to  be  detailed. 

In  the  parietal  lobe  the  ascending  parietal  convolution  (B,  B)  is 
already  known.  Another  easily  recognized  one  is  that  which  lies  imme- 
diately above  the  fissure  of  Sylvius  and  is  called  the  supramarginal 
convolution.  The  posterior  portion  of  this  convolution  curves  round 
the  upper  end  of  the  fissure  of  Sylvius,  and  as  it.  turns  thus  round  an 
angle  it  is  often  called  the  angular  gyrus  (b'"),  and  is  imj)ortant,  as  Ferrier 
has  supposed  it  to  be  the  seat  of  the  sense  of  sight.  The  rest  of  the 
parietal  lobe  is  divided  into  an  upper  and  a  lower  portion  by  a  longitud- 
inally placed  fissure  which  is  often  not  very  distinct,  the  intra-parietal 
fissure,  which* arises  close  to  the  fissure  of  Sylvius  behind  the  fissure  of 
Rolando  to  which  it  at  first  lies  parallel,  and  then  passes  backwards. 
The  lobe  is  thus  divided  into  the  superior  and  inferior  parietal 
LOBULES,  the  former  being  continuous  in  front  with  the  ascending 
13arietal  convolution. 

In  the  OCCIPITAL  LOBE,  looking  at  the  lateral  aspect,  three  trans- 
verse LAYERS  of  convolutions  caupbe  distinguished.  These  are  named 
as  in  the  frontal  lobe,  first,  second  and  third,  or  superior,  middle  and 
inferior  (d,  d',  d").  On  the  under  or  basal  surface  there  are  two  further 
layers  which  are  continuous  in  front  with  those  of  the  temporo-sphenoidal 
lobe  and  are  named  in  common  ^^^th  them  inferior  occipito-temporal 
convolutions. 

The  TEMPORO-SPHENOIDAL  LOBE  presents  on  its  lateral  surface  again 
three  TRANSVERSE  CONVOLUTIONS,  superior,  middle,  and  inferior  (c,  c',  c") ; 
the  superior,  bounding  the  fissure  of  Sylvius  and  also  called  infra-mar- 
ginal, is  continuous  with  the  angular  gyrus.  The  remaining  two  sets  in 
the  basal  surface  have  been  already  mentioned  as  forming  mth  those  of 
the  occipital  lobe  the  inferior  occipito-temporal  convolutions. 

On  examining  the  internal  aspect  of  the  cerebral  hemisphere 
(Fig.  210)  certain  convolutions  are  to  be  distinguished.  The  superior 
frontal  convolution  and  the  ascending  frontal  and  parietal  convolutions 
are  here  partly  visible.  More  distinctly  on  the  internal  surface  we  dis- 
tmguish  in  front  the  marginal  convolution  {marg.  c.)  which  is  con- 
tmuous  with  the  superior  frontal  and  lies  along  the  superior  longitudinal 
fissure.  Immediately  behind  this  convolution  we  come  to  the  superior 
panetal  lobule  which,  on  its  mesial  surface,  is  called  the  PR.ECUNEUS  or 
quadrate  LOBE  (see  figure).  The  parieto-occipital  fissure  is  here  very 
marked,  and  it  is  joined  at  an  angle  by  the  calcarine  fissure  {calc.  /.)  in  such 
a  way  as  to  demarcate  a  triangular  surface,  the  cuneus  {cuneate  /.).  On  this 
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aspect  also  appear  the  inferior  occipito-temporal  convolutions  (i.  oc.-temj).  c  ). 
Within  this  external  ring  of  convolutions  we  have  now  a  deeper  layei-. 
Immediately  bordering  on  the  coi-pus  callosum  and  following  the  fornix 


Fig.  210. — Inteinal  .aspect  of  right  cerebral  hemisphere.   Explanation  in  text.  (Quain.) 


we  trace  from  before  backwards  the  gyrus  fornicatus.  Having 
skii-ted  the  corpus  callosum  fi'om  before  l^ackwards  it  turns  round  at 
its  posterior  extremity,  and  passes  downwards  into  the  GYRUS  HIPPO- 
CAMPI. This  gyrus  is  also  continuous  with  the  gyrus  cunei  and  the 
median  occipito-temporal.  The  gyrus  hippocampi  passes  forward  to- 
wards the  anterior  extremity  of  the  temporo-sphenoidal  lobe  where  it 
terminates  in  a  hook-like  curve,  the  gyrus  uncinatus  (unc.  c). 

In  the  cornu  Ammonis  of  the  lateral  ventricle  there  lies  a  convolution 
whose  surface  is  turned  inwards  and  forms  an  elongated  rounded  pro- 
jection in  the  cornu ;  this  is  the  GYRUS  DENTATUS  {d.  c). 

The  CEREBELLUM.  There  are  only  a  few  points  which  require  notice 
here  as  to  the  general  arrangements  of  the  parts  in  the  cerebellum. 
Like  the  cerebrum  it  is  divisible  into  two  lateral  hemispheres,  the  right 
and  left  lobes.  These  are  united  by  a  central  piece,  which  is  most 
marked  on  the  under  surface,  called  the  vermiform  process.  The  cere- 
bellum is  divided  by  many  fissures  which  run  horizontally  and  leave 
naiTOW  convolutions  called  the  folia.  One  of  these  fissures,  deeper 
than  the  rest,  and  called  the  great  horizontal  fissure,  divides  the  cere- 
bellum into  an  upper  and  a  lower  portion.  In  its  internal  structure  it 
presents  white  matter  which  runs  outwards  from  the  peduncles  diverging 
towards  the  folia  and  forming  a  tree-like  expansion,  the  ARBOR  vit.e. 
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In  the  midst  of  the  white  substance  in  each  hemisphere  there  is  a  small 
grey  nucleus,  not  unlike  the  ohvary  body,  called  the  CORPUS  dentatum. 

Arteries  of  the  Brain. — With  a  view  to  the  identification  of  the 
numerous  lesions  of  the  arteries  in  the  brain,  it  will  be  proper  here  to 
refer  briefly  to  the  distribution  of  these  vessels.  The  circle  of  Willis 
gives  off  at  the  base  three  main  arteries  to  the  brain,  the  posterior,, 
middle  and  anterior  cerebral.  The  posterior  cerebral  artery, 
besides  giving  certain  central  branches  to  be  afterwards  referred  to,  is 
distributed  on  the  surface 
of  the  brain,  supplying  the 
greater  part  of  the  occi- 
pital and  temporo-sphen- 
oidal  lobes  with  the 
exception  of  the  upper 
temj)oro- sphenoidal  con- 
volution. The  middle 
cerebral  artery,  or  the 
artery  of  the  fissure  of 
Sylvius,  is  of  great  impor- 
tance as  being  much  more 
frequently  the  seat  of 
lesion  than  the  others. 
Besides  its  central  branch- 
es, afterwards  considered, 
it  supphes  the  middle  dis- 

+  J.1     1      •      11  1      Fig. -11.— Arteries  of  the  brain  showing  cortical  distribu- 

triCt  01  tne  bram  all  round  tion.  a,  a  tertiary  branch  of  main  arterj'.  B,  primary  twig, 

tlip  fiocni.Q     r^f     Q-.,l-.r,",-,c.  <^',  C',  C,  secondary  twigs.    The  nutritive  arteries  arc  seen  to 

cue  nSSlUe     OI     bylVlUS,  pass  off  from  all  these  branches  as  fine  hair-like  offsets 

including  the  parietal  lobe, 

the  posterior  parts  of  the  frontal  lobe,  and  the  superior  convolu- 
tion of  the  temporo-sphenoidal  lobe.  The  anterior  cerebral  artery 
is  distributed  to  the  anterior  parts  of  the  frontal  lobe.  These  arteries, 
with  the  exception  of  their  central  branches,  run  in  the  sulci  of  the 
convolutions,  and  divide  into  successive  orders  of  branches  which  lie 
m  the  pia  mater.  The  larger  branches  anastomose  sparely,  but  the 
finer  twigs  are  end-arteries  {Buret).  All  the  arteries  hitherto  considered 
run  on  the  surface  of  the  brain  in  the  soft  membranes.  The  actual 
nutritive  arteries  are  branches  of  these,  and  penetrate  from  them  into 
the  substance  of  the  brain.  We  may  thus  distinguish  the  larger  arteries 
of  the  surface  and  the  smaller  or  nutritive  arteries. 


DISEASES  OF  THE  NERVOUS  SYSTEM. 

The  NUTRITIVE  ARTERIES  again  are  divisil)]e  into  two  groups,  whicli 
may  be  designated  the  cortical  and  central  systems. 

The  NUTRITIVE  ARTERIES  OF  THE  CORTEX  pass  off  not  merely  from 
the  finer  twigs  of  the  larger  arteries,  but  also  from  the  larger  branches 
(see  Fig.  211).  They  are  fine  thread-like  vessels  which  pass  down  perpen- 
dicularly into  the  brain  substance.  Some  of  them  are  short  and  supply 
the  grey  substance  of  the  convolutions,  others  are  longer  and  reach 
the  white  substance,  their  territory  here  extending  to  the  boundaries 
of  that  of  the  central  arteries.  In  stripping  the  membranes  from  the 
surface  of  the  brain  these  nutritive  arteries  are  seen  like  fine  hairs 
emerging  from  the  brain  substance.  If  a  portion  of  the  soft  membranes 
be  now  floated  in  water  these  fine  vessels  will  be  seen  like  bristles 
passing  from  all  the  branches.  All  the  nutritive  arteries  are  end- 
arteries. 

The  central  nutritive  arteries  have  a  somewhat  different 
arrangement  from  those  of  the  cortex.  They  are  long  vessels  of 
larger  calibre  than  the  cortical  ones,  and  they  pass  off  from  the 
main  arteries  very  near  their  origin.  The  most  important  are  those 
which  come  off  from  the  middle  cerebral  just  outside  its  origin  and 
pass  through  the  anterior  perforated  space  to  the  basal  ganglia.  Of 
these  three  sets  of  branches  have  been  distinguished:  (1)  short  twigs 
lying  internally  which  pass  to  the  internal  parts  of  the  lenticular 
nucleus,  the  lenticular  branches;  (2)  a  longer  and  larger  vessel  which  lies 
outside  the  first  and  supplies  the  outer  parts  of  the  lenticular  nucleus 
with  adjoining  parts  of  the  internal  capsule  and  caudate  nucleus.  This 
branch,  the  lenticulo-siriate  branch,  is  the  most  important,  as  being  most 
frequently  the  seat  of  haemorrhage;  (3)  the  lenticulo-optic  branch  is 
posterior  to  the  former  and  supplies  the  j)osterior  part  of  the  lenticular 
nucleus  and  the  anterior  part  of  the  optic  thalamus.  The  remaining 
central  branches  are  supplied  by  the  anterior  and  posterior  cerebral 
arteries.  The  former  sends  branches  which  supply  the  anterior  part  of 
the  caudate  nucleus,  and  the  latter  sends  two  sets,  an  internal  and  an 
external,  to  the  optic  thalamus.  All  these  central  arteries  are  end- 
arteries. 

The  arteries  of  the  pons  and  medulla  oblongata  are  like  the  cortical 
arteries  in  their  small  size  and  hke  the  central  ones  in  respect  that  they 
come  off  from  large  stems,  and  pass  directly  into  the  substance  of 
the  part. 
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SECONDAEY  DEGENEEATTON  IN  THE  BRAIN. 

We  have  already  seen  in  the  case  of  the  cord  and  medulla  oblongata  that 
Avhen  the  nerve  fibres  are  cut  off  from  their  trophic  centres  they  undergo 
degeneration.  In  the  brain  it  is  only  the  pyramidal  tract  (see  p.  436) 
that  is  the  seat  of  this  secondary  change.  The  trophic  centres  of  the 
pyramidal  tract  appear  to  be  in  the  motor  convolutions,  and  when  the 
fibres  are  interrupted  at  any  point  below  this,  a  secondary  degeneration 
follows.  The  interruption  is  most  commonly  effected  by  haemorrhage 
or  softening  in  the  region  of  the  corpus  striatum,  and  it  is  the  fibres 
Avhich  form  the  internal  capsule  which  are  here  concerned.  Destruction 
of  the  internal  capsule  at  any  part  of  its  extent,  except  the  posterior 
fourth  or  third  (which  contains  sensory  fibres),  Mnll  cause  a  descending 
degeneration  in  parts  succeeding.  If  of  long  standing,  there  may  be 
great  shrinking  of  the  portion  of  the  pyramidal  tract  involved  (see 
Fig.  212).     It  appears  also  that  the  fibres  which  form  the  internal 


i.fT''''-"i^'-^"~^°°/       descending  sclerosis.    The  pyi-amidal  tract  on  thP 
left  side  IS  seen  to  be  shrunken  and  in  a  state  of  grey  degeneration. 

capsule  keep  nearly  the  same  arrangement  from  before  backwards  in  the 
crura,  pons  and  medulla  oblongata  that  they  have  in  the  capsule  The 
destruction  may  involve  the  whole  internal  capsule,  or  only  a  limited 
part  of  It,  and  the  degeneration  will  be  similar  in  extent.  The  pos- 
terior part  of  the  internal  capsule  and  the  corresponding  portions  of 
the  crura  and  pons  being  sensory,  are  not  liable  to  descending  de- 
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THROMBOSIS  AND  EMBOLISM  OF  THE  CEREBRAL  VESSELS. 

In  considering  the  various  conditions  included  here,  it  should  be 
borne  in  mind  that  the  arteries  of  the  circle  of  Willis  anastomose  freely. 
The  arteries  in  the  meninges  also  anastomose,  but  much  less  freely, 
while  the  nutritive  arteries,  both  those  given  off  to  the  basal  parts  of  the 
brain  and  those  of  the  convolutions,  are  end-arteries.  These  facts  are  of 
great  importance  in  relation  to  the  effects  of  occlusion. 

Embolism  in  the  arteries  of  the  brain  occurs  in  the  great  majority  of 
cases  in  connection  with  acute  endocarditis  or  valvular  disease  of  the 
heart  from  chronic  endocarditis.  In  the  former  case  the  embolus  is  a 
l)iece  of  fibrine  broken  off  from  the  inflamed  aortic  or  mitral  valve  ;  in 
the  latter  case  it  is  mostly  a  piece  of  calcareous  matter  from  the  indur- 
ated and  calcified  curtain.  Besides,  we  may  have  globular  thrombi 
in  the  left  auricle  or  ventricle  becoming  detached,  or  softening,  and  so 
giving  rise  to  plugging.  So  also  m&y  thrombi  in  the  aorta  become 
detached  and  carried  off.  Much  more  rarely  do  emboh  come  from  the 
lungs,  but  sometimes  in  gangrene  of  the  lungs  there  is  a  thrombosis  of 
the  veins,  and  from  bits  of  fibrine  carried  off  we  may  have  septic 
embolism  of  the  brain.  It  is  conceivable  also  that  a  cancer  of  the  lungs 
may  produce  embolism  by  penetrating  into  the  pulmonary  vein. 

It  is  matter  of  general  observation  that  in  cerebral  embohsm  the 
middle  cerebral  artery  (or  artery  of  the  fissure  of  Sylvius)  is  the  vessel 
plugged  in  the  great  majority  of  cases.  It  is  also  stated  that  the  left 
middle  cerebral  is  more  frequently  the  seat  of  embolism  than  the  right, 
but  this  has  been  doubted  by  competent  observers.  The  frequency 
with  which  the  middle  cerebral  is  affected  admits  of  easy  explanation. 
As  the  vertebral  artery  arises  from  the  suliclavian  nearly  at  a  right 
angle,  it  is  not  common  for  an  embolus  to  pass  into  it.  But  the  in- 
nominate and  the  carotid,  being  nearly  in  the  direct  line  of  the  current 
from  the  aortic  orifice,  readily  receive  any  fragment.  Then  again, 
the  middle  cerebral  is  the  direct  continuation  of  the  internal  carotid 
and  an  embolus  will  more  readily  sweep  into  it  than  diverge  forward 
or  backward.  It  is  important  here  to  bear  in  mind  that  the  middle  cerebral 
supplies  the  greater  part  of  the  bas.al  ganglia,  including  nearly  the  whole 
of  the  corpus  striatum  and  internal  capsule  and  a  part  of  the  thalamus 
opticus.    It  also  supplies  the  greater  part  of  the  motor  convolutions. 

Thrombosis  arises  in  consequence  of  some  alteration  of  the  walls 
of  the  arteries.    It  is  predisposed  to  by  weakness  of  the  heart,  but 
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mere  sluggishness  of  the  circulation  so  induced  will  hardly  cause  throm- 
bosis in  a  healthy  artery,  although  it  may  do  so  in  the  venous  sinuses  of 
the  dura  mater,  where  the  circulation  is  naturally  so  much  slower. 
Thrombosis  is  mostly  induced  either  by  atheroma  or  by  syphilitic 
DISEASE  of  the  arteries.  In  both  cases  the  internal  coat  is  thickened, 
and  the  surface  is  rough,  while  the  calibre  of  the  artery  is  already  con- 
siderably encroached  on,  as  Fig.  213  shows.    Atheroma  occurs  mostly 


Fig.  213.— Atheroma  of  a  small  cerebral  artery  the  eleventh  of  an  inch  in  diameter 
with  thrombosis.  6,  atheromatous  internal  coat ;  c,  thrombus  on  its  surface  partially  or- 
ganized Between  these  two  is  an  irregular  clear  space,  which  represents  fresh  blood 
which  had  been  insinuated  between  patch  and  thrombus,    d,  remaining  calibre  flUed 

in  old  persons,  and  it  is  usually  most  pronounced  in  the  larger  arteries 
of  the  base,  where  there  may  be  numerous  yellow  patches.  But  not 
infrequently  it  extends  to  the  finer  ramifications,  and  it  is  in  these  that 
it  most  readily  leads  to  occlusion  by  thrombosis.  The  artery  from 
which  the  figure  is  taken,  for  instance,  had  an  external  diameter  of  the 
eleventh  of  an  inch.  Syphilitic  disease  of  the  arteries,  on  the  other 
hand,  occurs  most  frequently  in  younger  people  in  connection  with 
gummata,  and  these  may  occur  at  any  part  of  the  surface  of  the 
brain. 

Effects  of  occlusion  of  arteries  in  the  brain. -Here,  as  in 
other  parts,  the  effects  of  occlusion  depend  chiefly  on  whether  the 
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arteries  concerned  are  end-arteries  or  not.  The-  arteries  of  the  circle- 
of  Willis  anastomose  freely,  and  occlusion  of  them  leads  only  to  a 
very  temporary  derangement  of  the  circulation.  The  larger  branches 
anastomose  sparely,  and  occlusion  of  them  has  much  more  serious 
effects.  The  nutritive  arteries  do  not  anastomose  at  all,  and  occlusion 
of  them  has  very  evil  results. 

The  most  direct  result  of  occlusion  of  arteries  is  anemia  of  the 
part  supplied.  As  the  occlusion  in  the  case  of  embolism  is  sudden, 
there  is  often  a  very  abrupt  interference  with  the  cerebral  functions. 
In  the  case  of  a  large  artery  such  as  the  main  stem  of  the  middle  cere- 
bral, there  may  be  a  very  extensive  anaemia,  leading  to  a  fatal  issue 
before  the  anastomosing  circulation  can  be  estal)lished. 

A  more  important  result  is  soFTENiNGr  of  the  brain  substance.  This 
as  we  have  previously  seen  is  really  a  necrosis  with  fatty  degeneration 
of  the  nervous  tissue,  and  it  only  occurs  when  the  conditions  are  such 
that  the  circulation  is  brought  absolutely  tp  a  standstill.    This  is  the  case 
when  any  of  the  nutritive  arteries  are  obstructed,  as  these  are  end- arteries. 
The  nutritive  arteries  Avhich  come  off  from  the  first  part  of  the  middle  cere- 
bral are  the  most  exposed  to  obstruction  from  embolism,  and  hence  soften- 
ing of  the  central  parts  of  the  brain,  especially  in  the  region  of  the  corpus 
striatum,  is  of  somewhat  common  occurrence.    It  is  important  to  notice 
that,  for  reasons  to  be  afterwards  considered,  it  is  these  arteries  also 
which  most  frequently  give  rise  to  hsemorrhage.    But  softening  not 
infrequently  occurs  although  the  vessels  occluded  are  not  end-arteries. 
This  is  especially  true  where  thrombosis  is  the  cause  of  the  occlusion. 
As  we  have  already  seen,  thrombosis  is  common  in  connection  with  ather- 
oma.   Now  this  is  a  disease  of  old  people,  in  whom  the  circulation  is 
weak.    Under  these  circumstances  occlusion  of  a  small  peripheral  arter}- 
may  lead  to  softening,  before  the  force  of  the  blood  has  brought  about 
an  anastomosing  circulation,  all  the  more  because  many  of  the  neigh- 
bouring arteries  are  also  partially  obstructed  by  atheroma.    Even  in  the 
case  of  embohsm  there  may  be  considerable  cortical  softening  if  the 
embolus  has  broken  up  and  plugged  several  vessels  at  the  same  time,  so- 
as  to  interfere  with  the  establishment  of  the  anastomosing  circulation. 

Another  occasional  effect  of  the  occlusion  is  HiEMORRHAGE.  It  is 
seldom  that  the  proper  hemorrhagic  infarction  is  produced  here,  but  it 
often  happens  that  some  blood  is  mixed  with  the  softened  brain  sub- 
stance, producing  a  yellow  or  red  softening. 


Occlusion  of  arteeies  in  Chorea.— The  frequent  association 
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this  disease  with  acute  endocarditis  has  suggested  the  view  that  it  may 
have  its  origin  in  embohsm  of  the  arteries  and  capillaries  of  the  brain, 
multiple  embohsm  with  softening  having  been  found  in  some  cases, 
but  not  in  all.  According  to  the  observations  of  Dickinson  the 
most  constant  changes  in  chorea  are  dilatation  of  the  arteries  and  veins 
throughout  the  substance  of  the  brain  and  spinal  cord,  exudations  or 
small  hemorrhages,  sometimes  with  blood  crystals  around  the  vessels, 
and  in  chronic  cases  sclerosis  in  the  neighbourhood.  These  changes 
are  most  pronounced  in  the  corpora  striata  and  optic  thalami,  and  in 
the  grey  substance  of  the  spinal  cord,  especially  near  the  junction  of 
the  posterior  cornua  with  the  central  parts  of  the  grey  substance.  They 
are  most  marked  in  the  dorsal  and  cervical  regions  of  the  cord. 

It  seems  probable  that  in  chorea  there  is  an  irritant  present  in  the 
blood,  and  it  may  be  the  same  irritant  as  that  in  acute  rheumatism. 
It  attacks  the  nervous  system,  producing  hjqDersemia  and  exudation 
from  the  vessels.  ^Tiile  the  whole  central  nervous  system  is  more 
or  less  affected  there  are  certain  parts  specially  involved,  these  parts 
being  what  have  been  called  the  ^cessory  portions  of  the  nervous 
system.  It  may  be  supposed  that  the  fundamental  and  simpler  parts  of 
the  brain  and  cord  are  more  stable  than  the  accessory  parts,  and  that 
when  attacked  by  an  irritant  the  latter  will  give  way  first.  The  ana- 
tomical distribution  of  the  lesions  suggests  that  this  is  so,  and  the 
symptoms  of  chorea  indicate  disorder  in  "  movements  which  are 
acquired,  and  which  are  probably  only  learned  by  a  long  apprentice- 
ship "  (Hughhngs  Jackson). 

Thrombosis  op  the  cerebral  sinuses. — These  venous  channels 
are  somewhat  frequently  the  seat  of  thrombosis.  The  coagulation  may 
have  its  starting  point  in  an  inflammation  propagated  from  a  neigh- 
bouring structure.  The  most  frequent  origin  of  such  inflammations  is 
caries  of  the  temporal  bone  from  disease  in  the  ear,  but  it  msLj  folloAV 
on  injury  to  the  head,  inflammations  of  the  skin  of  the  face  and  scalp, 
especially  erysipelas,  and  of  the  bones.  In  all  these  cases  the  throm- 
bosis usually  has  its  starting  point  towards  the  base  of  the  skull,  and 
especially  in  the  lateral  and  petrosal  sinuses. 

There  is,  however,  another  class  of  cases  in  which  the  thrombosis  has 
a  more  obscure  origin,  and  seems  sometimes  even  spontaneous.  The 
blood  simply  coagulates  in  the  sinus,  and  it  is  usually  in  the  longitud- 
inal sinus  that  the  coagulation  begins.  In  most  of  these  cases  the 
person  is  in  a  state  of  deljility,  and  the  thrombus  may  be  regarded  as 
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marasmic  in  its  origin.  But  there  are  cases  in  which  there  is  no  obvious 
weakness  of  the  heart,  and  the  coagulation  has  no  apparent  cause.  The 
localization  of  the  thrombosis  suggests  stagnation  of  the  blood  as  its 
cause.  The  sinuses  are  rigid  tubes  incapable  of  narrowing  when  the 
circulation  is  slow,  and  they  are  intersected  by  bands  of  connective 
tissue.  The  longitudinal  sinus  also  is  so  situated  that,  at  its  middle 
part  at  least,  the  blood  passing  from  the  cerebral  veins  flows  upwards  to 
it  against  the  force  of  gravitation. 

The  EFFECTS  of  thrombosis  of  the  sinuses  will  vary  according  to  the 
cause.  If  due  to  the  propagation  of  inflammation  from  neighbouring 
structures,  then  a  suppurative  phlebitis  may  result,  with  meningitis,  and 
even  abscess  of  the  brain.  There  are,  however,  cases  of  abscess  of  the 
brain  without  meningitis,  in  which  the  inflammation  seems  to  have 
extended  along  the  veins  either  in  their  interior  or  in  their  sheath. 

In  the  other  form  the  results  are  usually  much  less  serious.  The 
veins  which  open  into  the  sinus  are  greatly  engorged,  and  the  throm- 
bosis may  extend  into  them.  It  is  here  chiefly  the  longitudinal  sinus 
that  is  concerned,  and  the  veins  which  open  into  it  are  those  of  the 
cerebral  hemispheres.  These  may  stand  out  as  prominent  worm-like 
cords  filled  with  dark  coagula.  In  most  cases  the  blood  finds  its  Avay  by 
other  routes,  and  there  may  even,  after  a  time,  be  a  re-establishment 
of  the  circulation  in  the  sinus.  Sometimes,  however,  the  obstruction 
in  the  veins  is  such  as  to  lead  to  hemorrhage.  This  is  usually  in  the 
form  of  numerous  capillary  haemorrhages,  but  sometimes  there  is  along 
-with  this  a  large  effusion  of  blood  in  the  substance  of  the  brain  and 
under  the  soft  membranes.  The  seat  of  such  hsemorrhages  is  usually 
the  superficial  and  upper  parts  of  the  hemispheres,  and  they  are  fre- 
quently^ multiple. 

CEREBKAL  HEMORRHAGE. 

By  this  term  is  meant  bleeding  in  the  substance  of  the  brain.  The 
blood  may  be  large  or  small  in  quantity  but  it  jjushes  aside  the  brain 
substance,  tearing  for  itself  a  cavity  where  it  coagvilates.  With  the 
doubtful  exception  of  certain  diseases  of  the  blood,  where  the  haemorrhage 
may  possibly  be  by  diapedesis,  there  is  always  rupture  of  one  or 
more  vessels. 

In  a  previous  page  reference  has  been  made  to  the  two  orders 
of  cerebral  arteries,  and  the  differences  in  the  circumstances  of  ha?mor- 
rha"-es  from  these  are  such  that  we  must  consider  them  separately  here. 
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(1)  HEMORRHAGE  FROM  THE  LARGER  CEREBRAL  ARTERIES.^ — We 
liave  seen  that  these  vessels  run  in  the  soft  membranes,  and  it  might  be 
supposed  that  their  rupture  would  give  rise  to  meningeal  rather  than 
cerebral  haemorrhage,  and  so  it  is  usually  stated.  But  this  is  not  the 
case.  The  blood  nearly  always  finds  its  way  into  the  brain  substance, 
where  it  is  found  usually  in  much  larger  quantity  than  in  the  meninges, 
so  that  the  case  has  much  more  the  characters  of  cerebral  than  of 
meningeal  haemorrhage.  There  is  usually  some  blood  in  the  meninges 
occupying  the  sulci  between  the  convolutions,  and  it  may  even  be 
considerable,  extending  to  the  base  and  perhaps  covering  the  optic 
commissure ;  but  usually  the  amount  is  small,  and  on  account  of  the 
large  cerebral  haemorrhage  is  apt  to  be  overlooked.  It  is  very  rare 
indeed  for  the  blood  to  escape  towards  the  surface  and  appear  in  the 
cavity  of  the  dura  mater.  Any  appearance  of  blood  in  the  meninges, 
however,  should  at  once  direct  attention  to  the  larger  cerebral  arteries 
as  the  probable  source  of  the  haemorrhage. 

The  explanation  of  the  extension  of  the  blood  into  the  brain  sub- 
stance suggests  itself  when  we  consider  the  circumstances  of  the  parts. 
When  rupture  of  such  an  artery  occurs  the  blood  tears  its  way  around ; 
it  passes  into  the  loose  connective  tissue,  and  by  and  by  reaches  the 
surface  of  the  brain.  Here  the  tissue,  being  soft,  tears  readily,  and  the 
blood  rapidly  passes  inwards.  On  the  other  hand  the  connective  tissue 
on  the  surface  is  tough  and  the  blood  will  tear  it  with  difficulty.  The 
blood  may  work  its  way  from  space  to  space  in  the  connective  tissue, 
but  this  takes  time  and  probably  needs  considerable  pressure.  There  is 
another  circumstance  which  probably  has  to  do  with  the  blood  so 
constantly  finding  its  way  into  the  brain  substance.  As  we  shall 
see  afterAvards,  a  large  number  of  the  cases  of  haemorrhage  in  this 
situation  are  from  rupture  of  aneurisms.  Now  an  aneurism  will 
probably  project  more  readily  towards  the  surface  of  the  brain  where 
the  substance  is  soft  than  in  other  directions,  and  when  such  an 
aneurism  ruptures  it  may  do  so  directly  into  the  brain. 

The  CAUSES  of  the  rupture  of  these  larger  arteries  is  to  be  sought 
for  in  disease  of  their  walls  and  increase  of  the  blood-pressure. 

The  commonest  cause  is  aneurism  of  these  arteries,  which  is  of 
remarkably  frequent  occurrence.  The  great  majority  of  the  cases 
of  cerebral  haemorrhage  occurring  before  the  age  of  fifty  years  is  due  to 
the  rupture  of  aneurisms  of  these  larger  arteries.  Tlie  aneurisms 
are  mostly  thin-walled  and  therefore  prone  to  rupture.    Their  most 
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frequent  seat  is  on  the  middle  cerebral  artery  or  one  of  its  branches  in 
the  fissure  of  Sylvius,  but  they  may  occur  on  any  of  the  arteries  of  the 
brain  and  are  not  infrequently  multiple. 

The  frequent  occurrence  of  these  aneurisms  and  their  serious  import 
suggests  an  inquiry  into  the  causes  of  their  formation.  In  the  first 
place  the  arteries  are  thin-walled  and  are  placed  in  a  loose  tissue,  so  that 
they  very  readily  undergo  dilatation.  Any  local  injury  to  the  wall  may  be 
the  starting  point  to  the  dilatation.  This  is  often  produced  l)y  embolism. 
In  a  large  projiortion  of  cases  the  aneurism  is  associated  with  valvular 
disease  of  the  heart,  and  an  embolus  imperfectly  obstructing  an  arter}-, 
especially  if  it  be  a  cretaceous  piece  broken  off  from  a  valve,  may  readily 
injure  the  wall  so  as  to  allow  of  dilatation.  Ponfick  has  found  that  in 
a  considerable  proportion  of  cases  of  acute  endocarditis  there  is  embohsm 
with  either  fully  formed  or  incipient  aneurisms.  When  they  have 
an  origin  such  as  this  the  aneurisms  -^^dll  be  specially  thin- walled 
and  partake  of  the  characters  of  false  aneurisms.  This  mode  of  origin 
also  goes  far  to  explain  the  greater  predominance  of  these  aneurisms  in 
the  middle  cerebral  artery,  which,  as  we  have  seen,  is  especially  Kable  to 
embolism.  Another  occasional  cause  of  cerebral  aneurism  is  atheroma-. 
This  disease  injures  the  vessel-wall  and  produces  obstruction,  and  it  may 
lead  to  aneurism  on  the  one  hand  by  Aveakening  the  wall,  and  on  the 
other  by  locally  increasing  the  blood-pressure  on  the  peripheral  side  of 
the  obstruction.  Syphilitic  disease  is  also  assigned  as  a  cause  of 
aneurism. 

The  subject  of  atheroma  as  a  direct  cause  of  cerebral  haemorrhage  is 
a  somewhat  difficult  one.  This  condition  is  undoubtedly  in  many  cases 
associated  with  cerebral  haemorrhage,  but  it  is  difficult  to  believe  that  it 
can  be  the  sole  cause.  Atheroma  produces,  as  Fig.  213  shows,  a 
thickening  of  the  arterial  wall.  At  the  same  time,  however,  it  Aveakens 
the  wall,  and  if  the  coats  get  separated  and  the  blood  penetrates  behind 
the  atheromatous  patch,  there  may  be  serious  risk  of  rupture.  Besides 
this,  atheroma  will,  as  mentioned  above,  produce,  by  obstructing  the 
vessel,  an  increase  of  blood-pressure  on  the  proximal  side  of  the  patch 
and  also  in  neighbouring  arteries.  If  there  be  extensive  atheroma  the 
mere  rigidity  of  the  arteries  may  produce  an  increase  of  blood-pressure 
in  the  smaller  arteries.  But  all  these  conditions  seem  scarcely  capable 
by  themselves  of  leading  to  hajmorrhage,  and  it  is  in  cases  where  atheroma 
is  associated  with  a  general  increase  of  blood-pressure  that  this  occurs, 
especially  in  chronic  Bright's  disease. 

On  the  other  hand  increase  of  blood-pressure  alone  can  hardly 
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lead  to  lifBmorrhage.  In  chronic  Bright's  disease  there  is  frequently  a 
constant  increase  in  the  arterial  tension,  and  hypertrophy  of  the  left 
ventricle  of  the  heart.  This  condition  will  conduce  to  hsemorrhage  in 
l)oth  orders  of  arteries  in  the  brain,  especially  if  this  disease  be  associated 
with  atheroma,  or  with  fatty  degeneration  of  the  smaller  arteries  of  the 
l)rain,  Avhich  some  assert  to  be  common  in  Bright's  disease. 

(2)  HEMORRHAGE  FROM  THE  NUTRITIVE  ARTERIES. — As  these  vessels 

run  in  the  substance  of  the  brain  the  hsemorrhage  will  be  always  cerebral 
and  will  rarely  extend  to  the  meninges.  It  might  be  supposed  that  as 
the  nutritive  vessels  are  small  the  hsemorrhage  from  them  would  be 
small,  and  in  many  cases  it  is  so ;  but  when  bleeding  has  once  begun,  the 
blood  tearing  the  bi'ain  substance  ruptures  other  vessels,  and  there 
is  often  a  considerable  effusion  of  blood. 

Hsemorrhage  rarely  occurs  from  the  cortical  nutritive  vessels,  but  is 
very  common  from  the  central  ones.  The  circumstances  of  these  latter 
go  far  to  explain  this.  They  arise  from  large  stems,  mainly  from  the 
middle  cerebral  immediately  after  it^origin  from  the  internal  carotid. 
It  is  clear  that  the  blood  here  will  be  at  a  pressure  not  much  less 
than  that  of  the  aorta,  and  any  variations  of  pressure  will  tell  readily. 
On  the  other  hand  the  cortical  vessels  mostly  arise  from  fine  vessels 
in  which  the  blood  pressure  has  been  reduced  by  successive  division 
and  sub-division. 


As  to  the  CAUSES  of  hasmorrhage  in  these  arteries,  aneurism  again 
plays  the  most  important  part.  As  the  arteries  are  small  so  are  the 
aneiu-isms,  but  they  are  numerous  in  the  same  person.  Such  aneurisms 
have  been  called  by  Bouchard  and  Charcot  miliary  aneurisms.  They 
occur  in  every  region  of  the  brain,  but  are  most  readily  detected  on  the 
surface  of  the  convolutions,  where,  on  stripping  off  the  pia  mater  from 
the  convolutions,  they  may  be  seen  as  small  red  or  brown  spots.  When 
examined  under  the  microscope  they  have  all  the  characters  of  ordinary 
aneurisms.  Most  of  them  are  sacculated  (Fig.  2 1 4),  but  some  are  fusiform 
(Fig.  215).  It  is  stated  that  the  cause  of  their  formation  is  a  sclerosis  of 
the  walls  of  the  arteries,  involving  first  a  formation  of  round  cells  in  the 
external  coat  with  subsequent  fibrous  transformation.  There  results  an 
atrophy  of  the  middle  coat  which  seems  to  be  the  most  direct  cause  of 
the  dilatation.  This  diffused  sclerosis  of  the  nutritive  arteries  is  mostly 
met  with  in  old  people ;  in  persons  above  fifty  cerebral  haemorrhage  is, 
m  the  larger  proportion  of  cases,  due  to  rupture  of  miliary  aneurisms. 
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Although  the  aneurisms  are  present  in  all  regions  of  the  brain, 
rupture  seldom  occurs  except  in  those  of  the  central  arteries.    The  ex 


Fig.  214.— Sacculated  miliary  aneurism  of  a  nutritive  ari;ery  of  the  brain. 
The  aneurism  is  about  the  twentieth  of  an  inch  in  diameter,    x  27. 


planation  of  this  has  already  been  indicated,  and  it  has  been  mentioned 
that  the  lenticulo-striate  branch  is  pre-eminently  that  from  which 
haemorrhage  occurs. 


Fig.  215.    Fusiform  miliary  aneurism.    X  27. 


Atheroma,  with  increased  blood-pressure,  is  occasionally  a  cause  of 
haemorrhage  from  the  nutritive  arteries  as  from  the  larger  ones.  Athe- 
roma is  not  common  in  small  arteries,  but  as  the  central  nutritive  arteries 
are  much  larger  than  the  cortical  ones,  atheroma  is  commoner  in  them, 
and  haemorrhage  from  this  cause  is  therefore,  for  a  double  reason,  more 
frequent  in  tliese. 
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(3)  HEMORRHAGE  FROM  THE  CAPILLARIES. — A  certain  amount 
of  capillary  hsemorrliage  generally  accompanies  all  larger  bleedings. 
The  explanation  of  this  seems  to  be  that  the  pressure  of  the  blood  j)ro- 
duces  such  obstruction  of  the  vessels  around  that  frequent  leakage 
occurs  from  the  capillaries.  In  the  case  of  thrombosis  of  the  sinuses 
and  veins  also,  there  is  capillary  hsemorrhage.  Again,  embolism  may 
cause  capillary  haemorrhage,  and,  as  we  have  seen,  the  blood  is  often 
mixed  with  the  softened  brain  tissue.  Septic  embolism  as  in  ulcerative 
endocarditis,  and  pyaemia  leads  to  capillary  haemorrhage.  Lastly,  we 
may  have  leakage  from  the  capillaries  in  scurvy,  purpura,  and  other 
morbid  states  of  the  blood. 

In  capillary  haemorrhages  the  collections  of  blood  ^re  generally  small 
in  size  forming  a  congeries  of  red  puncta.  But  if  very  frequent  and 
closely  set  they  may  run  together  and  form  a  considerable  effusion. 

Appearances  of  the  brain  in  haemorrhage. — The  appearances 
presented  when  a  person  dies  soon  after  the  occurrence  of  haemorrhage 
are  sufficiently  characteristic.  The'^effused  blood  increases  the  con- 
tents of  the  skull,  and  in  order  to  its  accommodation  there  must  be 
some  displacement  and  crushing  of  the  remaining  brain  substance.  If 
the  haemorrhage  be  at  all  extensive  we  find  on  opening  the  skull  that 
the  corresponding  hemisphere  is  bulged  outwards  and  perhaps  projects 
beyond  the  middle  line.  The  convolutions  are  more  or  less  flattened, 
and  there  is  a  certain  dryness  and  glazing  of  the  surface  which  indicates 
that  all  available  fluid  has  been  absorbed  to  make  room  for  the  addition 
made  to  the  contents  of  the  skull.  These  are  all  indications  of  in- 
creased pressure  within  the  skull,  and  during  Hfe  this  increase  of 
pressure  causes  symptoms  referrible  to  the  brain  as  a  whole  or  to 
parts  removed  from  the  seat  of  hajmorrhage.  It  sometimes  happens 
that  the  appearance  of  blood  in  the  membranes  suggests  the  existence 
of  haemorrhage  before  the  brain  is  laid  open,  and  this  will  be  especially 
the  case  when  rupture  of  an  aneurism,  or  thrombosis  in  the  sinuses  has 
been  the  cause.  On  cutting  into  the  brain  substance  the  appearances 
will  vary  to  some  extent  according  to  the  cause  and  extent  of  the 
haemorrhage.  If  there  are  numerous  small  haemorrhages  closely  set 
there  will  be  much  softening  of  the  brain,  and  the  brain  substance  will 
be  mixed  with  blood.  If  the  haemorrhage  be  large  the  blood  will  be 
more  pure.  In  any  case  the  blood  produces  softening  in  the  parts 
around,  which  may  be  stained  with  the  blood-colouring  matter.  As 
already  mentioned  there  are  usually  red  spots  from  capillary  htemor- 
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rhage  around  the  clot.  The  clot  itself  is  mixed  with  the  deljris  of  brain 
substance,  and  the  internal  wall  of  the  cavity  in  which  it  lies  has  an 
irregular  character. 

If  the  patient  die  almost  immediately  the  clot  is  exactly  like  an 
ordinary  gelatinous  coagulum.  But  if  he  survive  a  day  or  two  it  has 
already  draAvn  together  somewhat  and  become  firmer  and  more  of  a 
brown  colour.  This  is  sometimes  peculiarly  manifest  at  the  peripheral 
parts  of  the  clot,  so  that  a  kind  of  capsule  may  be  formed  of  condensed 
fibrine. 


Organization  of  the  clot.  The  apoplectic  cyst.  —The  further 
organization  of  the  coagulum  is  a  slow  ]3rocess,  and  proceeds  very  much 
in  the  same  way  as  organization  of  clots  inside  or  outside  of  vessels.  An 
inflammatory  process  is  set  up  in  the  neighbourhood,  and  this  results  in 
the  production  of  connective  tissue  which  by  and  by  encapsules  the 
clot.    The  clot  in  the  meanwhile  softens  ;  its  pigment  is  dissolved  out, 

and  frequently  deposited  in  the 
ll  \       iff   ^      crystalline  (see  figure  216)  or 

fs  ^         ^     granular  form  in  the  softened 

^  material  or  in  the  capsule,  often 

ll      ^        -"i^  ^       ^   giving       parts  a  rosy  or  rusty 
.  »  colour.     The  blood  being  fre- 

^  quently  mixed  with  brain  sub- 

^     stance  and  both  these  constitu- 
ents being  degenerated,  various 

Fig.  210.— Cryfstals  of  hneraatoidin  from  a  cerebral  „„,,p„„„^pp„  „«p  nrPSPTltfd- 
h«3morrhage.  The  crystals  form  oblique  rhombic  appearances  are  piesenretl  , 
l.iUars  of  a  reddish  brown  colour,  x  350.  SOmetimCS  the  Capsule  COUtaiuS 

material  of  an  atheromatous  aspect. 

Through  time,  however,  the  contents  tend  more  and  more  to  absorp- 
tion, and  being  replaced  by  clear  fluid  a  cyst  is  the  result,  the  so-called 
apoplectic  cyst.  This  cyst  is  not  merely  a  simple  sac  containing  fluid, 
but  it  is  generally  intersected  by  connective-tissue  trabeculse  so  as  to 
appear  to  be  filled  A^th  a  net-work.  Very  often  some  crystalline  or 
oranular  pigment  is  met  with  in  the  wall  of  the  cyst.  It  is  to  be 
remarked  that  cysts  which  in  their  later  stages  are  indistinguishable 
from  those  now  under  consideration  may  have  their  origin  in  softening 
(^f  the  brain,  especially  as  a  result  of  embolism.  It  will  be  seen  that 
the  apoplectic  cyst  may  be  compared  in  its  origin  v^nth  a  cicatrix ;  it 
arises  by  the  formation  of  connective  tissue  and  fills  the  place  of  tissue 
lost,  and  it  is  only  because,  being  situated  in  the  midst  of  the  l)rain 
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substance,  it  does  not  readily  contract  that  we  haA^e  a  cyst  rather 
than  a  cicatrix.  If  the  haemorrhage  has  been  near  the  surface  of  a 
ventricle  or  of  the  brain  itself  we  may  have  a  cicatrix  instead  of  a  cyst; 
or  a  cyst  by  thickening  of  the  trabeculse  and  gradual  drawing  together 
of  the  parts  may  be  converted  into  a  cicatrix.  In  the  case  of  cicatrices 
occurring  thus  on  the  surface  of  the  brain  the  soft  membranes  are 
depressed  and  puckered  and  firmly  adherent  to  them.  The  cicatrices 
hke  the  cysts  often  present  some  remains  of  blood-colouring  matter. 


SOFTENING  OF  THE  BRAIN  {RAMOLISSEMENT). 

This  subject  has  already  been  several  times  considered  incidentally. 
We  have  seen  that  localized  softenings  occur  in  connection  with  em- 
bolism and  thrombosis  of  the  cerebral  arteries,  and  in  addition  to 
this  there  is  softening  in  connection  with  inflammation,  sometimes 
going  on  to  the  formation  of  abscess.  Lastly,  there  is  a  softening  to 
be  referred  to  in  studying  tubercular  meningitis.  We  have  here  to 
consider  the  character  of  the  changes" which  occur  in  the  brain  substance 
in  the  simple  softenings,  apart  from  those  of  inflammation  or  tubercular 
meningitis. 

As  these  softenings  occur  mainly  in  connection  Avith  the  occlusion 
of  arteries  the  aff'ected  piece  of  brain  substance  is  limited  to  the  distri- 
bution of  the  artery  concerned.  In  the  case  of  embolism  it  will  nearly 
always  be  situated  in  the  region  supplied  by  the  middle  cerebral  artery, 
and  especially  in  the  central  parts,  the  more  direct  central  nutritive 
arteries  being  much  more  frequently  the  seat  of  embolism  than  the 
cortical  ones. 

Softenings  have  often  been  distinguished  according  to  the  colour 
presented  by  the  affected  brain  substance,  so  that  WHITE,  yellow  and 
RED  softenings  have  been  described.  For  the  most  part  the  colour  de- 
pends on  the  blood  mixed  with  the  nervous  tissue,  and  the  amount  and 
condition  of  the  former  can  hardly  be  regarded  as  a  chief  characteristic 
of  the  softening,  and  the  colour  is  therefore  not  of  primary  importance. 

We  have  seen  already  that  softening  of  the  brain  substance  is  really 
due  to  a  NECROSIS.  The  result  of  the  death  of  the  nervous  structures 
is  their  disintegration.  The  nerve  fibres  very  rapidly  break  up ;  the 
myeline  of  the  medullary  sheath  coagulates  and  escapes  from  the  primi- 
tive sheath,  and  afterwards  breaks  up  into  fine  fat  granules.  The  ganglion 
cells  are  more  resistant,  but  they  also  become  granular  and  gradually  dis- 
appear.   The  cells  of  the  neuroglia  and  the  nuclei  of  the  walls  of  the 
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vessels  undergo  a  change  which  appears  at  first  sight  to  be  a  fatty  de- 
generation, but  which  very  probably  has,  to  some  extent,  a  different  signifi- 
cance. These  structures  become  filled  with  finely  divided  fat,  so  that  the 
neuroglia  cells  are  converted  into  characteristic  COMPOUND  granular 
CORPUSCLES  and  the  nuclei  of  the  vessels  are  converted  into  aggregates 
of  fat  granules  at  intervals  along  the  vessels  (Fig.  217).    So  far  as 


Fig.  217.— Fatty  degeneration  of  the  vessels  in  cerebral  softening.  (PAfiEX.) 


the  neuroglia  cells  are  concerned  it  is  probable  that  they  pick  up  the 
fat  arising  from  the  disintegrated  myeline.  It  is  not  so  clear  that  the 
nuclei  of  the  blood-vessels  do  this,  and  there  is  here,  more  probably,  a 
fatty  degeneration  of  them.  Besides  the  neuroglia  cells  there  may  be 
present  in  the  part  amoeboid  cells,  or  these  may  pass  into  it  after  the 
occurrence  of  the  necrosis,  and  these  also  take  up  the  granular  fat. 
In  this  way  there  are,  frequently,  large  numbers  of  compound  granular 
corpuscles  which  are  very  conspicuous  when  a  piece  of  the  softened 
tissue  is  examined  in  the  fresh  state  under  the  microscope. 

In  some  cases,  as  already  mentioned,  the  softened  brain  substance  is 
largely  mixed  with  blood,  especially  in  embolic  softening.  At  first  the 
blood  gives  a  red  colour  to  the  softening.  But  as  time  goes  on  the 
colouring  matter  is  dissolved  out  of  the  red  corpuscles  and  diffused 
throughout  the  softened  structures,  as  well  as  to  some  extent  in  the 
brain  substance  around.  In  that  case  the  colour  becomes  less  intense 
and  merges  into  yellow,  or  the  colour  may  be  reddish  yellow  from 
the  outset.  It  will  be  seen  from  this  that  red  and  yellow  softening  run 
together,  and  that  the  latter  is  often  merely  a  later  stage  of  the  former. 
At  the  time  when  the  softening  occurs  the  vessels  are  often  filled  with 


ACUTE  LOCALIZED  ENCEPHALITIS. 


459 


blood,  which  soon  coagulates.  The  fibrine  disintegrates  as  the  colouring 
matter  is  dissolved  out  from  the  corpuscles.  Sometimes  the  dissolved 
colouring  matter  is  deposited  in  the  granular  or  even  in  the  crystalline 
form  inside  or  outside  the  vessels.  If  there  is  very  little  blood  in  the 
vessels  of  the  softened  part  then  the  colour  is  white  or  grey.  This  is 
mostly  seen  when  death  has  occurred  very  soon  after  the  occlusion  of 
an  artery. 

The  ultimate  disposal  of  the  necrosed  piece  of  brain  substance  occurs 
on  principles  already  considered.  The  softened  brain  substance  has 
ultimately  the  characters  of  a  fatty  emulsion,  which  is  gradually  ab- 
sorbed. A  chronic  inflammation  occurs  around,  just  as  in  the  case  of  a 
haemorrhage,  and  in  a  similar  fashion  connective  tissue  is  produced, 
taking  the  form  of  a  cyst  or  a  cicatrix,  according  to  circumstances.  The 
resulting  cyst  or  cicatrix  is  not  always  to  be  distinguished  from  that  of 
a  cerebral  hse'raorrhage.  Usually  the  latter  presents  more  distinct  pig- 
mentation, but  the  former  may  also  present  pigment  granules  and 
crystals. 

INFLAMMATIONS  OF  THE  BEAIN. 

These  embrace  a  very  extensive  and  varied  set  of  conditions,  some  of 
which  have  little  in  common.  Thus  there  are  localized  inflammations 
of  an  acute  kind,  going  on  sometimes  to  the  formation  of  abscesses  ; 
chronic  localized  inflammations ;  inflammations  diffused  throughout  the 
brain ;  inflammations  extending  to  the  brain  substance  from  the  mem- 
branes, etc. 

(1)  Acute  localized  encephalitis. — We  have  already  seen  that, 
around  and  in  the  midst  of  hasmorrhagic  foci  and  cerebral  softenings, 
there  are  inflammatory  manifestations,  evidenced  by  the  presence  of 
leucocytes,  which  take  up  fat  granules.  The  inflammatory  process  does 
not  go  on  to  suppuration,  but  results  in  the  formation  of  connective 
tissue,  constituting  a  cyst  or  a  cicatrix. 

When  the  brain  is  injured  traumatically — lacerated,  for  example,  by 
a  blow  on  the  head  or  directly  wounded  by  a  protruding  piece  of  frac- 
tured bone — then  there  is  usually  a  more  intense  inflammation,  which 
may  go  on  to  suppuration,  especially  when  the  brain  communicates  with 
an  external  wound.  The  brain  may  be  considerably  lacerated  without 
any  external  wound  or  fracture  of  the  skull,  especially  by  falls  on  the 
head.    In  that  case,  when  the  head  lights  on  the  ground,  the  soft  brain 
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is,  as  it  were,  propelled  against  the  dense  skull  which  has  been  sud- 
denly arrested,  the  laceration  being  brought  about  by  contre  coup.  In 
all  these  cases  the  mere  injury  to  the  brain  induces  a  certain  amount  of 
inflammation,  resulting  in  an  aggregation  of  leucocytes.  Usually  the 
ultimate  result  is  the  formation  of  a  cicatrix  or  a  sclerosis  of  the  portion 
of  bi  ■ain  substance,  but  there  may  be  suppuration,  in  which  the  mem- 
l)ranes  of  the  brain  take  part. 

Inflammation  of  the  brain  may  result  in  abscess,  but  almost  alone 
in  septic  cases.  An  injury  to  the  brain  communicating  with  a  septic 
wound  may  have  this  result.  More  frequently  the  primary  disease  is 
caries  of  the  bones  of  the  skull,  and  especially  of  the  temporal  bone. 
The  great  majority  of  cases  of  abscess  of  the  brain  are  connected  with 
suppuration  of  the  middle  ear,  very  often  of  prolonged  duration  dating, 
it  may  be,  from  a  scarlatina  years  before.  There  is  most  danger  of 
abscess  when  caries  exists  in  the  petrous  portion  of  the  temporal  bone ; 
l)ut  even  without  caries  an  abscess  may  form.  The  abscess  is  due 
to  a  septic  inflammation  extending  directly  from  the  affected  parts 
inwards.  Some  of  the  veins  from  the  temporal  bone  pass  iuAvards 
to  the  lateral  sinus,  and  a  septic  process  maj'  be  propagated  along 
the  sheath  of  these  veins  to  the  dura  mater.  This  explains  cases 
in  which  abscess  of  the  brain  is  associated  with  inflammation  of 
the  dura  mater,  and  is  localized  in  the  neighbourhood  of  the 
temporal  bone.  But,  in  some  cases,  the  jjath  of  propagation  is  more 
obscure,  and  an  abscess  is  present  in  the  midst  of  the  brain  substance, 
separated  from  the  temporal  bone  by  sound  tissue.  Abscesses 
sometimes  occur  by  propagation  from  the  nose,  the  antrum  of  High- 
more,  and  the  orbit. 

In  the  early  stages  of  abscess  there  is  softening  of  the  brain 
substance,  which  is  infiltrated  wath  leucocytes.  But  the  conditions 
hardly  offer  themselves  to  observation  in  this  stage.  The  fully-formed 
abscess  is  generally  of  old  standing,  and  has  been  of  slow  growth.  It 
contains  thick  yellow  pus,  generally  mth  a  very  offensive  smell.  The 
pus  corpuscles  are  usually  cedematous  and  fatty,  and  altogether  ill  pre- 
served. The  abscess  may  be  surrounded  by  softened  brain  substance, 
but  most  usually  there  is  a  dense  capsule  surrounding  it  so  that 
it  can  be  enucleated  by  tearing  away  the  capsule.  The  capsule  is 
composed  of  inflammatory  tissue,  partly  in  the  state  of  granulation 
tissue,  but  partly  as  connective  tissue.  This  capsule,  to  a  certain 
<!xtent,  represents  sclerosed  brain  substance,  but  outside  the  capsule  the 
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brain  substance  is  frequently  softened  so  as  to  allow  of  its  enucleation. 
Abscesses  may  burst  into  the  ventricles  of  the  brain,  or  on  to  it& 
surface. 

(2)  Chronic  localized  encephalitis. — The  i3rocesses  of  chronic 
inflammation  here  are  similar  to  those  in  the  spinal  cord,  and  the  result 
here,  as  there,  is  sclerosis.  In  the  case  of  the  brain  there  is  hardly 
anything  of  the  systematic  sclerosis  so  frequent  in  the  cord.  There  is, 
however,  one  form  of  disease  which  affects  both  brain  and  spinal  cord, 
and  which  presents  some  analogies  with  the  systematic  scleroses  of 
the  cord. 

Disseminated  Sclerosis,  or  Sclerosis  in  Patches,  is  characterized 
by  the  occurrence  of  i3atches  of  chronic  inflammation  scattered  over  the 
cord,  or  the  brain,  or  both.  These  patches  have  all  the  characters  of 
sclerosis ;  in  the  white  substance  they  are  grey,  and  in  both  white  and 
grey  substance  they  produce  induration  and  shrinking.  Under  the 
microscope  the  sclerosed  white  substance  shows  loss  of  the  medullar)^ 
sheaths  of  the  fibres,  while  the  axis  cylinders,  according  to  Charcot,  are 
largely  retained.  In  the  grey  substance,  the  ganglion  cells  are  shrunken 
sometimes  with  pigmentation.  At  the  peripheral  parts  of  the  patch 
there  may  be  evidences  of  more  active  inflammation,  in  the  form  of 
abundant  round  cells  along  with  compound  granular  corpuscles. 

The  distribution  of  the  patches  is  somewhat  irregular.  They  are 
found  of  various  sizes  in  the  cord,  medulla  oblongata,  pons,  ped- 
uncles, corona  radiata,  convolutions,  cerebellum.  In  such  various 
situations  the  sclerosis  leads  to  very  various  functional  disturbances. 
The  great  frequency  of  motor  tremors,  however,  suggests  some  tendency 
to  localization.  Erb  has  pointed  out  that  when  tremors  exist,  patches 
are  specially  present  on  the  peduncular  parts  (pons,  medulla,  peduncles). 
If  patches  are  seated  there,  the  motor  impulses  will  be  imperfectly 
conducted  but  not  absolutely  interrupted,  as  the  axis  cylinders  are 
preserved. 

(3)  Diffused  Encephalitis.— This  term  may  be  apphed  to  condi- 
tions in  which  there  is  a  general  irritation  of  the  brain,  presumably  by 
some  irritant  circulating  in  the  blood.  It  may  be  held  to  include  a 
considerable  number  of  varied  conditions.  As  the  irritant,  being  in  the 
blood,  will  attack  all  parts  equally,  we  may  expect  to  find  evidences  of 
irritation  in  the  spinal  cord  as  well  as  in  the  brain. 
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In  the  DELIRIUM  OF  FEVERS  it  may  be  presumed  that  the  brain  is 
irritated  by  the  morbid  condition  of  the  blood.  According  to  Popoff, 
there  are  visible  evidences  of  this  in  the  case  of  typhoid  fever  in  the 
presence  of  abundant  leucocytes.  These  are  stated  to  be  particularly 
abundant  around  the  vessels,  and  evidently  spreading  out  from  these. 
The  leucocytes  were  frequently  found  in  the  spaces  around  the  ganglion 
cells  (pericellular  lymph  spaces),  and  even,  in  some  cases,  in  the  sub- 
stance of  the  ganglion  cells.  These  conditions  indicate  the  presence  of 
an  irritation  of  the  brain. 

Then  Middleton  has  pointed  out  that  in  dehrium  tremens,  tubercular 
meningitis,  uraemia,  fracture  of  the  skull  with  injury  to  the  brain, 
erysipelas,  etc.,  the  brain  substance  is  over-run  with  leucocytes,  the 
appearances  being  very  similar  to  those  which  will  be  described  as  occur- 
ring in  hydrophobia.  In  all  cases  where  irritation  of  the  nervous 
centres  is  evidenced  during  life,  these  signs  of  irritation  may  be  looked 
for  in  the  brain  after  death. 

Condition  of  the  Brain  in  GtEneral  Paralysis  of  the  insane 
{Dementia  paralytica). — The  condition  of  excitement  Avith  which  many 
cases  of  insanity  begin,  suggests  irritation  of  the  cerebral  centres ;  but  it 
is  very  difficult  to  determine  the  exact  relation  of  the  conditions  here, 
especially  as  the  cortex ,  of  the  brain  is  very  intricate  in  its  structure 
and  difficult  to  disentangle.  In  general  paralysis  the  disease  is  usually 
in  an  advanced  stage  before  the  death  of  the  patient,  but  it  begins 
with  acute  symptoms,  such  as  epileptic  attacks  and  acute  mania,  and 
death  sometimes  occurs  at  this  period.  Meyer  has  recorded  the  results 
of  observation  in  twenty  cases  of  this  kind,  in  which  the  disease  began 
with  headache  and  went  on  to  maniacal  outbreaks  which  he  compares 
with  the  delirium  of  fever.  He  asserts  that  death  occurs  more  fre- 
quently in  this  stage  than  is  generally  supposed,  but  that  the  cases 
are  very  often  not  recognized  as  such. 

In  these  cases,  after  death  there  was  the  appearance  of  a  general 
swelling  of  the  brain,  the  convolutions  being  more  voluminous,  and  the 
sulci  smaller,  while  the  grey  substance  presented  a  lively  red  appearance, 
frequently  mottled  and  with  multiple  minute  softenings.  On  micro- 
scopic examination  the  blood-vessels  in  the  cortical  substance  were 
found  engorged  with  blood,  and  around  them  leucocytes  in  abnormal 
quantity.  Leucocytes  were  also  abundantly  present  in  parts  removed 
from  the  vessels.  This  condition  was  seen  mainly  in  the  cortex,  but  also 
spreading  to  the  white  medullary  substance.   The  vessels  themselves  had 
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undergone  changes ;  in  the  most  acute  periods  the  principal  change  was 
fatty  degeneration  of  the  wall,  visible  chiefly  in  the  cai^illaries.  There  were 
also  minute  htemorrhages,  the  blood  often  getting  through  the  internal 
and  middle  coats,  but  accumulating  inside  the  external  so  as  to  form  a 
kind  of  dissecting  aneurism.  These  minute  dissecting  aneurisms  may 
be  best  detected  (according  to  Rindfleisch)  by  carefully  separating  out 
the  vessels  from  the  surface  inwards  under  a  stream  of  water. 

In  the  more  chronic  periods  of  the  disease  the  appearances  are 
those  rather  of  degenerative  than  of  active  processes,  but  the  degenera- 
tive are  presumably  secondary  to  the  inflammatory,  the  disease  having 
very  much  the  characters  of  an  interstitial  cerebritis  with  loss  of  the 
proper  nervous  tissue  as  a  consequence,  a  cirrhosis  of  the  brain. 

The  appearances  of  the  brain  as  a  whole  are  very  suggestive  of 
such  a  condition,  especially  if,  as  mostly  happens,  the  case  has  been 
of  some  duration.  The  appearances  are  prominently  those  of  atrophy 
OF  THE  brain.  On  removing  the  calvarium  the  dura  mater  is  com- 
monly found  wrinkled  over  the  fron^]  lobes,  evidently  from  shrinking, 
but  not  necessarily  of  these  lobes,  because  the  position  of  the  head  causing 
the  brain  to  gravitate  backwards  would  probably  make  the  shrinking 
tell  anteriorly  whatever  its  locality.  On  removing  the  dura  mater  a 
very  manifest  oedema  of  the  membranes  of  the  brain  presents  itself. 
There  is  also  distension  of  the  ventricles,  frequently  very  great,  so 
that  the  brain  substance  lying  between  the  fluid  in  the  ventricles 
and  the  superficial  oedema  of  the  membranes  is  greatly  shrunken. 
The  oedema  of  the  membranes  is  most  visible  in  the  sulci  which  gape 
and  are  filled  up  with  oedematous  connective  tissue.  The  fluid  is 
chiefly  in  the  membranes  over  the  parietal  and  occipital  lobes,  perhaps 
from  gravitation.  The  surface  of  the  ventricles  is  beset  with  little 
prominent  granulations  which  are  often  very  marked.  It  has  been 
pointed  out  by  Crichton  Browne  that  the  pia  mater  is  adherent  to  the 
surface  of  the  convolutions,  so  that  on  attempting  to  remove  it  bits  of 
brain  substance  come  away  with  it.  These  adhesions  may  be  taken  as 
indications  of  the  inflammatory  nature  of  the  disease,  and  their  locality 
affords  some  evidence  of  the  localization  of  the  lesions.  Crichton  Browne 
states  that  the  adhesions  occur  mainly  in  the  anterior  three-fourths  of  the 
brain,  aff"ecting  the  frontal  lobe  chiefly  in  its  anterior  and  posterior  thirds, 
and  the  parietal  in  all  its  convolutions. 

The  brain  as  a  whole  is  greatly  reduced  in  weight.  Taking  the  nor- 
mal weight  of  the  brain,  including  membranes,  etc.,  as  fifty  ounces  for 
the  adult  male,  and  forty-five  for  the  female,  the  weight  in  general 
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paralysis  often  falls  to  thirty-five  ounces.  The  loss  of  weight  does  not 
af!'ect  the  brain  uniformly ;  it  is  mainly  the  cerebral  hemispheres  that 
are  affected,  the  basal  ganglia  and  peduncular  parts  being  much  less  so, 
and  the  cerebellum  not  at  all. 

Besides  these  evidences  of  atrophy  of  the  brain,  the  membranes 
show  irregular  thickenings.  The  pia  mater  presents  milky  opacities 
or  more  obvious  patches  of  thickening.  The  dura  mater  is  usuall}- 
also  affected,  so  frequently  that  at  one  time  it  M^as  supposed  to  be 
the  primary  seat  of  disease.  It  is  commonly  adherent  to  the  calvarium, 
so  that  it  is  often  difficult  to  remove  the  latter,  and  it  is  necessary  to 
remove  bone  and  dura  mater  together.  That  membrane  presents  patches 
of  thickening,  opacities,  and  even  flat  bony  developments.  Not  infre- 
quently there  are  extravasations  of  blood  of  smaller  or  larger  size 
accompanied  by  appearances  which  we  shall  have  to  describe  under 
pachymeningitis  chronica  hsemorrhagica.  The  calvarium  itself  some- 
times presents  thickening,  which  is  usually  diffuse,  and  may  be  chiefly 
due  to  the  shrinking  of  the  brain ;  sometimes  there  are  also  local  pro- 
minences or  actual  exostoses.  Sometimes  also  the  diploe  is  converted 
into  dense  bone,  so  that  the  calvarium  is  much  heavier  than  normal- 
so-called  sclerosis  of  the  bone. 

All  these  appearances  are  due  to  inflammation  and  shrinking  of  the 
brain  substance,  the  dropsy  of  the  ventricles  and  oedema  of  the  mem- 
branes occurring  in  order  to  fill  up  the  space  formerly  occupied  by  the 
brain,  the  cranium  being  a  cavity  of  fixed  size  and  the  dropsy  being 
ex  vacuo. 

The  appearances  under  the  microscope  are  chiefly  those  of  diffused 
sclerosis  and  atrophy  of  the  brain  substance.  We  have  already  seen 
that  there  is  sclerosis  of  the  posterior  columns  of  the  cord,  and  this  maj^ 
even  be  an  early  condition.  In  the  brain  there  are  often  traces  of  the 
earlier  acute  condition  in  the  form  of  little  clumps  of  pigment  around 
the  vessels,  the  remains  of  former  extravasations.  But  the  appearances 
are  more  those  of  degeneration.  The  ganghon  cells  are  shrunken  and 
frequently  pigmented ;  the  blood-vessels  show  sometimes  fatty  degen- 
eration, sometimes  a  homogeneous  glancing  appearance  (colloid) ;  and 
they  are  frequently  obstructed  by  glancing  masses  which  are  partlj- 
calcareous  and  partly  colloid.  These  appearances  are  not  to  be  re- 
garded as  in  any  way  peculiar  to  this  disease,  they  are  simply  evidences 
of  the  profound  atrophy  of  the  brain,  and  may  occur  to  a  limited  extent  ' 
in  old  persons  where  there  has  been  only  a  senile  atrophy. 
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Hydrophobia. — This  is  a  disease  in  which  there  is  every  indication 
of  irritation  of  certain  centres,  and  of  a  greatly  increased  reflex  irrita- 
bility. The  centres  irritated  here  are  less  those  of  the  cerebral 
hemispheres  than  of  the  spinal  cord  and  medulla  oblongata,  although 
delirium  is  also  occasionally  present.  The  symptoms  point  mainly  to 
the  medulla  oblongata;  there  are  various  spasms  of  the  muscles  of 
deglutition  and  respiration  which  occur  to  some  extent  spontaneously, 
but  are  also  evoked  by  slight  sensory  stimulation.  The  mere  sight  of 
water  gives  rise  to  the  idea  of  swallowing  it,  and  brings  on  a  violent 
spasm  of  the  muscles  of  deglutition.  A  breath  of  cold  air  on  the  surface 
of  the  body  causes  a  violent  respiratory  spasm  or  gasp.  The  centres  in 
the  cord  are  also  irritated,  as  shown  by  the  tendency  to  spasm  of  the 
muscles  generally. 


n,SoS^F^S°J^!^U^u  hS^Si?  tS*^       ^^^^      hydrophobia.  La.^e 

In  this  disease  an  irritating  virus  is  present  in  the  blood  and  induces 
those  conditions  of  the  nervous  system.  After  death  most  manifest 
Bigns  of  irritation  are  visible  on  microscopic  examination.  They  are  to 
be  found  most  characteristically  in  the  medulla  oblongata  and  next  to 
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that  in  the  spinal  cord,  but  are  not  absent  in  the  other  parts  of  the 
nervous  system.  The  most  prominent  condition  is  an  accumulation  of 
leucocytes  around  the  vessels  in  the  substance  of  the  cord  and  medulla 
oblongata.  There  may  be  just  a  few  leucocytes  in  the  sheath,  but 
from  this  there  are  all  gradations  up  to  a  condition  in  which  the 
vessel  is  clothed  with  a  mantle  consisting  of  many  layers  of  leucocytes 
(Fig.  218).  The  leucocytes  are  also  present  elsewhere,  and  sometimes  in 
such  quantities  as  to  have  induced  one  observer  to  speak  of  the  collections 
as  miliary  abscesses.  This  name  is,  however,  objectionable,  as  there  is  no 
solution  of  the  tissue  such  as  is  involved  in  the  idea  of  an  abscess.  The 
leucocytes  find  their  way  into  the  pericellular  spaces  and  are  found 
keeping  company  with  the  ganglion  cells  in  these  situations.  In  the 
medulla  oblongata  the  main  nutritive  vessels  are  towards  the  posterior 
part,  and  as  the  motor  nuclei  are  in  this  region,  it  may  be  that  the 
localization  of  the  irritation  here  is  partly  determined  by  their  prox- 
imity. In  addition  to  these  conditions  minute  hsemorrhages  have  been 
observed  in  the  medulla  and  cord. 


Fig.  219. — From  the  salivary  gland  iu  a  case  of  hydrophobia.  In  the 
middle  is  portion  of  a  duct ;  abundant  round  cells  surround  it  as 
well  as  the  glandular  structures,  shown  in  outline.    X  850. 


Signs  of  irritation  are  present  in  other  parts  of  the  body  besides  the 
nervous  system.  The  salivary  glands  have  been  found  to  present 
abundant  leucocytes  between  the  glandular  elements  (Fig.  219).  In  the 
kidneys  also  there  are  signs  of  irritation  in  the  form  of  dilatation  of 
vessels  and  heemorrhage. 

It  is  clear  then  that  here  an  intense  irritant  is  circulating  in  the 
blood,  and  the  intensity  of  it  may  be  judged  from  the  fact  that  all 
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these  very  marked  appearances  occur  within  two  or  three  days  of  the 
onset  of  the  nervous  symptoms. 

Tetanus. — In  this  disease  we  have  another  example  of  an  intense 
irritation  of  the  spinal  cord  and  medulla  oblongata.  There  is  here 
violent  spasm  of  the  muscles,  but  those  under  the  control  of  the  medulla 
oblongata  are  not  so  sj^ecially  involved  as  in  hydrophobia,  although  the 
person  frequently  dies  from  spasm  of  the  muscles  of  respiration. 

Here  again  there  are  signs  of  irritation  discoverable  in  the  spinal 
cord  and  medulla  oblongata,  although  they  are  very  different  from 
those  in  hydrophobia.  In  tetanus  the  most  prominent  and  constant 
appearance  suggests  the  exudation  of  fluid  from  the  vessels.  The  fluid 
sometimes  collects  around  the  vessels  and,  as  in  hardened  specimens 
the  albumen  is  coagulated,  a  granular  appearance  may  be  produced. 
In  other  cases  it  looks  as  if  the  fluid  produced  a  disintegration  of  the 
neighbouring  nervous  tissue,  the  appearance  being  that  of  the  "  granu- 
lar disintegration"  of  Lockhart  Cla^e.  The  localization  of  the  dis- 
integration around  the  vessels  suggests  its  origin  in  an  exudation  from 
them. 

The  cause  of  the  irritation  in  tetanus  is  not  at  all  clear.  It  seems 
likely,  however,  that  here  also  there  is  an  irritant  in  the  blood,  just  as 
there  is  in  hydrophobia.  In  both  of  these  diseases  the  temperature  is 
elevated,  and,  especially  in  the  case  of  tetanus,  reaches  sometimes  a  most 
startling  height  (110°  F.).  It  is  difiicult  to  account  for  this  extreme 
rise  of  temperature  by  the  muscular  spasm,  though  the  possibiHty  of 
this  explanation  is  not  to  be  absolutely  denied.  It  seems  more  pro- 
bable, however,  that  an  irritant  acting  to  some  extent  generally  on  the 
tissues  is  the  cause  of  the  elevation  of  temperature.  This  is  the  more 
likely  because  tetanus  has  been  known  to  occur  in  epidemics,  and  because 
if  a  case  survives  eight  days  there  is  considerable  probabihty  of  recovery, 
as  if  the  poison  ran  its  course  in  that  period. 

ATEOPHY  AND  DEGENERATIONS  OF  THE  BRAIN. 
There  are  cases  of  CONGENITAL  atrophy  of  the  brain  which  is  very 
commonly  partial.  It  may  be  of  one  cerebral  hemisphere  or  of  the 
cerebellum.  An  interesting  case  of  the  latter  kind  has  been  recorded 
by  Eraser  in  which  there  were  striking  symptoms  of  ataxia  due  to  a 
congenital  smallness  of  the  cerebellum.  From  the  existence  of  similar 
symptoms  in  another  member  of  the  same  family  it  was  inferred  that 
she  also  was  the  subject  of  a  similar  aff-ection. 
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The  brain  frequently  atrophies  in  old  age— senile  atrophy.  Then^ 
is  usually  a  general  shrinking  of  the  brain  substance,  but  this  may  Ix; 
greater  in  some  parts  than  in  others.  The  loss  of  substance  is  made 
up  partly  by  thickening  and  oedema  of  the  soft  membranes,  such  as 
have  been  already  described  as  occurring  in  general  paralysis,  and 
[)artly  by  thickening  of  the  skull. 

Of  the  more  definite  degenerative  changes  it  is  not  necessai-v 
to  give  here  a  detailed  account,  as  they  have  mostly  been  incidentally 
referred  to. 

The  WHITE  SUBSTANCE  of  the  brain  undergoes  a  process  of  atrophy 
under  various  circumstances — in  softening  of  the  brain,  in  sclerosis, 
etc.  It  also  presents  a  condition  which  Lockhart  Clarke  has  designated 
GRANULAR  DISINTEGRATION.  This  occurs  in  the  neighbourhood  of 
blood-vessels,  and  is  probably  due  to  exudation  from  them.  The  white 
substance  degenerates  into  an  indefinite  granular  material. 

The  GANGLION  CELLS  are  frequently  the  seat  of  atrophy  and  degen- 
eration. They  may  undergo  a  simple  atroppiy,  shrinking  and  losing 
their  processes.  But  very  commonly  the  atrophy  is  accompanied  b}' 
pigmentation,  and  so  a  pigmentary  degeneration  is  the  result.  Vir- 
chow  was  the  first  to  describe  a  calcification  of  the  ganglion  cells. 
This  condition  seems  to  be  of  frequent  occurrence  when  these  cells  are 
suddenly  deprived  of  vitality.  It  was  found  by  Virchow  originally  in 
cases  of  commotio  cerebri,  but  has  since  been  seen  in  softening  of  the 
brain,  in  acute  poliomyelitis  anterior,  etc.  The  ganghon  cells,  having 
died  and  having  undergone  coagulation-necrosis,  become  infiltrated  with 
lime  like  other  dead  structures.  A  hyaline  or  colloid  degeneration 
of  the  ganglion  cells  has  also  been  described,  especially  in  cases  of  in- 
sanity. 

SYPHILIS  OF  THE  BEAIN  AND  ITS  MEMBRANES. 

Syphilitic  lesions  affecting  the  encephalon  are  of  considerable 
frequency,  and  hence  of  great  importance.  For  convenience  of  de- 
scription we  shall  divide  the  lesions  into  three,  although  it  is  to  be 
understood  that  these  are  often  coincident  in  the  same  case.  We 
shall  consider,  first,  the  syphilitic  gumma ;  next,  syphihtic  disease  of 
the  cerebral  arteries  ;  and,  lastly,  syphilitic  inflammations.  In  this 
description  the  brain  and  its  membranes  will  be  considered  together, 
inasmuch  as  the  lesions,  being  almost  entirely  of  the  surface,  frequently 
involve  both  brain  substance  and  membranes. 
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The  GUMMA  occurs  either  as  a  greyish  tumour  of  soft  consistence 
and  transparent  gelatinous  appearance,  or  as  a  yellow  mass  of  hard 
consistence  and  opaque  cheesy  appearance.  These  two  forms  are  not 
absolutely  separate  in  their  occurrence,  and  it  is  probable  that  the 
cheesy  form  is  due  to  metamorphosis  of  the  grey  transparent.  In  cor- 
respondence with  this  the  grey  form  presents,  under  the  microscope, 
masses  of  well-formed  round  cells,  often  with  some  admixture  of  the 
tissue  in  which  the  tumour  is  growing ;  in  fact  the  tumour  consists  of 
fresh  granulation-tissue  like  other  recent  gummata.  It  is  never  dis- 
tinctly circumscribed,  but  merges  at  its  margins  into  the  surrounding 
tissues,  in  which  masses  of  round  cells  may  be  found  for  some  distance 
outside  the  tumour.  The  grey  tumour  may  be  interspersed  with  yellow 
chees}^  parts,  which  are  clearly  older. 

The  yellow  cheesy  form  is  more  frequently  a  defined  tumour,  and 
has  commonly  a  peripheral  zone  of  grey  tissue.  This  form  presents  a 
very  miscellaneous  structure,  the  cheesy  part  consisting  of  shrunken 
cells,  fatty  debris,  fat  crystals,  masi^  of  blood-pigment,  with,  it  may 
be,  some  remains  of  the  original  tissue  in  the  form  of  irregular 
fibres,  etc. 

These  tumours  are  met  with  chiefly  in  the  dura  mater  or  in  the 
soft  membranes.  In  the  DURA  mater  we  sometimes  see  tumours 
of  considerable  size,  as  large  as  a  pigeon's  or  even  a  hen's  egg.  The 
tumour  grows  in  the  substance  of  the  dura  mater,  and  is  nearly  always 
of  the  yellow  caseous  form ;  it  is  distinctly  defined,  and  the  dura  mater 
around  it  is  greatly  thickened.  These  tumours  occur  in  all  regions 
of  the  dura  mater,  but  they  attain  to  the  largest  size  commonly  in  the 
duplicatures,  such  as  the  falx  cerebri.  They  press  on  the  brain  within 
and  the  skull  without,  but  their  chief  effects  are  in  the  latter  direction. 
They  produce  erosion  of  the  internal  surface  of  the  skull,  so-called  dry 

CARIES. 

Of  even  greater  importance  than  these  are  the  gummata  of  the  soft 
membranes,  because  they  have  a  much  greater  effect  on  the  brain  itself. 
It  may  here  be  said  that  the  great  majority  of  gummata  of  the  brain 
itself  are  at  the  surface,  and  really  originate  in  the  soft  membranes,  the 
pia  mater  or  the  arachnoid.  Tumours  of  this  kind  occurring  on  the 
convexity  present  the  appearance  of  great  matting  and  thickening  of  the 
entire  membranes,  the  dura  mater  being  adherent  over  the  place  so  that 
It  cannot  be  separated.  In  the  midst  of  the  matted  tissue  is  found 
the  tumour  or  tumours,  recognized  by  their  yellow  cheesy  appear- 
ance.   The  tumour  is  seen  on  section  to  involve  the  brain  substance 
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which  is  partly  replaced  by  its  tissue.  Around  the  tumour  the  brain 
substance  is  softened,  and  this  softening  may  extend  widely  outside  the 
growth.  When  seated  over  the  convexity,  the  tumour  will,  of  course, 
involve  the  grey  substance  of  the  surface  of  the  convolutions. 

When  the  growth  occurs  at  the  base  of  the  brain,  the  dura  mater  is 
less  commonly  affected,  and  we  more  frequently  have  the  grey  trans- 
parent form  of  gumma.  The  tumour  is  peculiarly  prone  to  occur  about 
the  optic  chiasma,  the  crura  cerebri,  and  the  pons.  Here  also  it  grows  into 
the  brain  substance,  working  it  up,  and  it  may  in  like  manner  attack  the 
cerebral  nerves  as  they  issue  from  the  brain.  The  nerves  most  frcjuently 
affected  are  the  optic,  and  those  issuing  from  the  peduncles  and  pons 
(the  third,  fourth,  and  fifth). 

It  has  been  already  stated  that  inflammation  and  thickening  of  the 
membranes  occur  around  the  gummata,  but  sometimes  a  condition 
exists  which  may  be  designated  a  gummatous  meningitis.  The  gum- 
matous tissue  is  formed  more  diffusely  in  the  form  of  a  grey  gelatinous 
layer,  covering  a  considerable  surface  at  the  base  or  on  the  convexity. 
In  the  former  case  there  may  be  some  resemblance  to  tubercular  menin- 
gitis. In  the  latter,  the  whole  membranes  are  thickened  and  matted 
together  by  gummatous  tissue,  and  the  brain  substance  beneath  is 
softened.  If  under  treatment,  or  otherwise,  the  proper  gummatous  tissue 
disappears,  then  the  thickened  membranes  may  present  the  appearance 
of  an  old  simple  inflammation. 

Gummata  of  the  brain  substance  proper  are  of  the  rarest  occurrence, 
if  we  exclude  those  which  have  some  connection  with  the  surface,  and 
may  have  originated  from  the  soft  membranes.  Of  the  very  few  cases 
recorded,  there  are  even  some  where  the  conditions  were  ambiguous. 

Syphilitic  disease  of  the  blood-vessels,  although  not  confined  to 
those  of  the  brain,  is  most  frequent  and  most  characteristic  in  them  (see  p. 
361).  The  condition  somewhat  resembles  atheroma,  but  presents  certain 
distinct  differences.  The  lesion  may  occur  in  the  vessels  Jiear  a  gumma, 
but  also  independently  and  at  a  distance.  It  is  noted  that  at  a  certain 
spot  the  vessel  has  become  more  opaque  and  greyish  white  in  coloar. 
Its  wall  in  the  affected  part  is  firmer,  so  that  instead  of  the  vessel  being 
flattened  as  usual  it  preserves  a  cylindrical  shape.  The  part  also  feels 
hard  and  resistant.  On  section  it  is  seen  that  the  calibre  of  the  vessel 
is  greatly  reduced  by  a  new-formation  in  its  wall.  This  new-formation 
has  a  greyish  or  whitish  colour,  and  is  of  dense,  almost  cartilaginous, 
consistence.    The  reduction  of  the  calibre  varies,  but  it  may  go  on  to 
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nearly  complete  occlusion.  The  narrowed  portion  may  become  the 
seat  of  a  thrombus  Avhich  may  complete  the  obstruction.  The  new- 
formation  has  its  seat  in  the  internal  coat  of  the  artery,  and  (according 
to  Heubner,  whose  description  in  Ziemssen's  Hanclhuch  is  here  fol- 
lowed) especially  between  the  elastic  lamina  and  the  endothelial  layer. 
There  is  first  a  germination  of  the  endothelial  cells,  which  form  a  firm 
connective  tissue  containing  spindle  and  stellate  cells.  There  is  also 
a  formation  of  granulation-tissue  in  the  wall,  as  in  the  gumma.  This 
new-formation  extends  along  the  vessel  as  well  as  inwards,  and  involves 
communicating  branches.  It  is  clear  that  this  disease  must  often  by 
narroAving,  with  or  without  thrombosis,  lead  to  complete,  or  nearly 
comjjlete,  occlusion  of  the  artery,  the  natural  result  being  softening 
of  the  brain  in  the  region  of  distribution.  Heubner  has  pointed  out 
that  the  disease  most  frequently  affects  the  carotid  and  its  branches, 
especially  the  middle  cerebral,  so  that  this  softening  is  most  commonly 
in  the  same  region  as  that  from  embolism.  It  has  been  noted  above 
that  softening  of  the  brain  occurs  around  gummata,  and  in  that  case 
it  is  largely  the  result  of  this  disease  m  the  arteries. 

This  form  of  disease  of  the  arteries  is  to  be  distinguished  from 
atheroma,  chiefly  from  its  occurrence  in  connection  with  other  mani- 
festations of  syphilis.  It  also  occurs  in  younger  persons,  and  may  be  in 
single  patches,  while  atheroma  is  prone  to  affect  many  vessels. 

Inflajvuviation  of  the  membranes  in  syphilis  occurs  mainly  in 
connection  with  gummata.  Cases  have  been  recorded  of  inflammation 
without  gummata  and  their  occurrence  is  not  to  be  denied,  but  there  is 
often  the  possibility  of  gummata  having  pre\aously  existed,  and  been 
removed  perhaps  by  treatment. 

In  connection  with  the  symptoms  clue  to  syphilitic  lesions  of  the 
brain  it  is  important  to  remember  the  localization  of  these  lesions. 
The  g-ummata  and  resulting  inflammations  of  the  convexity,  occurring  as 
they  do  on  the  surface,  will,  at  first,  irritate  the  surface  of  the  convolu- 
tions. If  a  motor  part  be  affected  then  there  will  be  muscular  spasm, 
often  progressing,  and  ending  perhaps  in  general  convulsions  of  a  quasi- 
epileptic  character.  Any  sort  of  local  spasm  may  be  produced  according 
to  the  particular  part  irritated.  If  the  lesion  be  over  a  sensory  part 
there  will  be  subjective  sensory  impressions.  We  have  already  seen 
that  the  brain  substance  commonly  gets  involved  in  the  gumma,  and 
that  outside  it  there  is  also  softening  of  the  brain.    This  destruction  of 
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brain  substance  involves  loss  of  function,  namely,  paralysis  or  loss  of 
sensation;  but  there  will  still  be  irritation  of  the  marginal  parts,  an.l 
though  paralyses  and  ana;sthesicTe  may  develop,  the  signs  of  irritation 
generally  remain  prominent.  At  the  base  the  gumma  is  very  apt  tf. 
involve  motor  tracts.  The  motor  fibres  of  the  pons  and  peduncles 
are  anterior,  and  are  therefore  more  exposed  to  the  inroads  of  the 
tumour.  But  these  paralyses  are  apt  to  be  complicated  by  the  lesion 
extending  to  the  cerebral  nerves  which  issue  here,  mainly  the  optic, 
third,  fourth,  and  fifth,  and  so  we  have  very  complex  conditions 
brought  about,  such  as  crossed  paralysis,  etc.  Again,  the  syphilitic 
disease  of  the  arteries  occurs  most  frequently  in  the  carotid  and 
middle  cerebral,  and  the  resulting  softening  is  usually  most  manifest 
ni  the  region  of  the  corjDus  striatum  and  motor  convolutions.  In  this 
way  a  hemiplegia  may  be  produced  Avhich  imitates  that  from  embolism. 
It  will  be  seen  that  a  great  variety  of  symptoms  may  be  produced  from 
syphilitic  lesions  of  the  brain  and  its  membranes. 


TUMOURS  OF  THE  BRAIN. 

Tumours  are  of  very  frequent  occurrence  in  the  brain  substance,  and 
are  of  great  importance  in  a  practical  point  of  Adew.  In  examination  of 
the  brain  particular  attention  should  be  directed  to  the  exact  locality  of 
the  tumour,  and  the  extent  to  which  the  brain  substance  is  involved 
in  it. 

A  tumour  nearly  always  induces  inflammation  of  the  brain  substance 
around  it.  If  it  be  of  rapid  growth  there  is  softening,  but  if  slow 
in  growth  then  there  is  sclerosis  from  chronic  inflammation.  In  the 
latter  case  the  tumour  will  often  at  its  margin  merge  gradually  into 
condensed  connective  tissue.  The  tumours  very  often  lead  to  the 
occurrence  of  hydrocephalus,  which  will  come  up  for  consideration  after- 
wards. They  also  lead  usually  to  optic  neuritis  when  they  have  induced 
considerable  increase  of  the  intracranial  j^ressure.  The  neuritis  is 
localized  in  the  intraocular  termination  of  the  nerve,  where  it  gives  rise 
to  the  characteristic  "  choked  disc  "  or  "  engorged  papilla." 

The  scrofulous  tubercle  is  the  commonest  tumour  of  the 
brain.  It  occurs  most  frequently  in  young  persons  and  is  often 
multiple.  We  have  seen  that  tubercles  occur  in  the  form  of  minute 
round  tumours,  but  here  in  the  brain  substance  we  have  solid 
tumours  of  a  size  increasing  up  to  that  of  a  hen's  egg.    These  massive 
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tumours  are  of  course  composed  of  myriads  of  tubercles,  witli  the 
products  of  their  degeneration.  The  greater  part  of  the  tumoui' 
is  made  up  of  a  firm  caseous  mass,  which  resembles  very  closely 
in  appearance  a  scrofulous  gland.  Sometimes  the  cheesy  mass  is 
directly  continuous  with  the  brain  substance,  but  usually  there  is  a 
transparent  grey  zone  outside  it,  and. this  gradually  merges  in  the 
brain  substance  around.  This  grey  zone,  when  it  exists,  indicates 
that  the  tumour  has  been  growing  up  till  death,  and  is  often  distinctly 
composed  of  tubercles  of  characteristic  form.  Sometimes  there  are  no 
rounded  tubercles  in  it,  and  it  forms  simply  a  cellular  zone.  The  grey 
tissue  gradually  merges  in  the  brain  substance,  and  both  it  and  the  brain 
.substance  show  inflammatory  conditions  characterized  by  the  presence  of 
multitudes  of  round  cells.  The  solitary  tubercles  are  met  with  in  all  parts 
of  the  brain  and  spinal  cord,  but  are  peculiarly  frequent  in  the  cerel^rum 
and  cerebellum.  In  these  they  show  a  preference  for  the  cortical  sub- 
stance, but  in  the  case  of  the  latter  they  may  grow  to  such  a  size  as  to 
replace  almost  the  entire  substance  of  o^  lobe. 

The  GLIOMA  is  also  a  somewhat  frequent  tumour.  It  sometimes 
grows  to  a  large  size  and  is  usually  of  slow  growth.    In  its  general 


slj™  "  °'  ^'»'  "^"O  stmcturc  with  a  few  ccMs  Is 

appearance  it  resembles  brain  substance,  and  as  it  commonly  re- 
places a  piece  of  brain  and  merges  into  the  brain  substance  at  its 
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margin,  it  may  1)6  difficult  to  make  out  its  limits  accurately,  and 
it  may  appear  as  an  enlargement  of  a  part  of  the  brain.  Two  form 
of  glioma  have  been  distinguished,  a  liard  and  a  soft.  The  variations  in 
consistence  depend  largely  on  the  character  of  the  matrix  of  the  tumour. 
It  may  be  composed  chiefly  of  stiff  thick  fibres  (as  in  Fig.  220),  in  which 
case  the  consistence  will  be  dense,  or  of  a  dehcate  network,  when  the  tissue 
is  soft.  The  cells  are  of  small  size  and  mostly  round,  and  they  present 
considerable  variations  in  abundance.  In  the  softer  forms  the  cells  are 
generally  numerous.  Sometimes  there  is  an  excessive  development  of 
blood-vessels,  in  Avhich  case  tliere  is  a  tendency  to  haemorrhage.  If 
death  occur  from  the  haemorrhage  the  appearances  may  resemble  those 
of  ordinary  cerebral  haemorrhage,  the  tumour  broken  up  by  the  clot 
resembling  the  broken-up  brain  substance.  The  substance  of  the 
glioma  not  infrequently  undergoes  fatty  degeneration  and  a  cheesy 
appearance  is  produced.  When  haemorrhage  occurs  the  clot  may  also 
assume  a  cheesy  appearance.  In  this  way  very  varied  and  peculiar 
appearances  may  be  produced. 

The  MYXOMA  occasionally  occurs  in  the  brain,  but  is  more  frequent 
on  the  peripheral  nerves.  It  is  a  soft  tumour  of  a  transparent  glancing 
appearance,  and  by  still  further  softening  may  become  cystic. 

Sarcomas  are  of  considerable  frequency,  and  are  of  various  structure. 
There  are  sarcomas  allied  to  the  glioma  and  others  to  the  myxoma,  and 
so  we  have  glio-sarcomas  and  myxo-sarcomas,  the  difference  being  mainly 
in  the  character  of  the  intercellular  substance.  In  the  myxo-sarcoma  the 
cells  are  round,  and  the  tumour  very  soft.  In  the  glio-sarcoma  the  cells 
may  be  round  or  spindle-shaped,  and  the  tumour  soft  or  hard. 

Cancers  will  hardly  occur  in  the  brain,  except  by  extension  thi'ough 
the  skull  from  the  skin. 

Papilloma  sometimes  occurs  as  an  outgrowth  on  the  surface  of  the 
ventricles. 

Osteomas  are  very  rare,  but  true  bony  tumours  have  been  found, 
one  occupying  almost  the  entire  cerebellum. 
The  lipoma  is  excessively  rare. 

Cysts  may  arise  from  the  myxoma,  or  may  possibly  originate  more 
independently.    Dermoid  cysts  have  been  observed. 

PAEASITES. 

The  CYSTICERCUS  of  the  taenia  solium  has  occasionally  its  seat  in  the 
brain,  mostly  in  the  cortical  portions,  but  it  may  be  in  any  situation. 
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It  forms  a  small  round  structure  enclosed  in  a  connective-tissue  capsule. 
Inside  this  the  proper  stratified  membrane  of  the  parasite,  with  the 
head  and  other  structures,  are  to  be  found.  Sometimes  the  parasite  is 
dead  and  calcified.  As  a  rule  it  produces  little  disturbance,  and  is 
often  found  hy  accident  after  death.  If  situated  in  the  peduncular 
portions  it  may  prod  ace  serious  symptoms,  but  even  here  its  slow 
growth  and  small  size  generally  allow  of  accommodation.  Sometimes 
several  cysticerci,  as  many  as  10  to  20,  have  been  found. 

The  ECHTNOCOCCUS  sometimes  develops  in  the  brain,  but  has  usually 
been  found  by  accident  on  post-mortem  examination. 


C— THE  MEMBRANES  AND  CAVITIES  OF  THE  BRAIN 

AND  SPINAL  CORD. 

rt 

Introductory  Considerations. — The  dura  mater  is  a  dense 
connective-tissue  membrane  which  is  more  intimately  connected  with 
the  bone  than  with  the  brain  and  spinal  cord,  forming  somethiug  like  a 
periosteum  to  the  bone.  It  is  generally  said  that  the  dura  mater 
is  lined  with  arachnoid  membrane,  one  layer  of  arachnoid  covering  the 
brain  and  cord  and  another  the  dura  mater.  It  is  thus  customary 
to  speak  of  the  arachnoid  of  the  pleural  sac,  and  of  a  visceral  and 

a  parietal  layer.  But  these  analogies  are  contradicted  by  pathological 
experience.  There  is  no  fine  membrane  lining  the  dura  mater,  and  the 
arachnoid  membrane  covering  the  brain  has  almost  nothing  in  common 
with  the  dura  mater  in  its  diseases.  We  are  accustomed  to  acute 
inflammations  of  the  pleural  and  other  sei'ous  sacs,  in  which  the  whole 
sac,  including  both  visceral  and  parietal  layers,  takes  part,  but  there 
is  hardly  such  a  thing  as  an  arachnitis  involving  surface  of  brain  and 
internal  surface  of  dura  mater.  On  the  other  hand  the  arachnoid  and  the 
pia  mater  go  together  in  their  inflammations,  and  it  is  better  to  speak 
of  the  dura  mater  as  one  membrane  and  the  pia-arachnoid  as  another. 
It  will  be  proper  also  to  speak  of  the  arachnoid  cavity  as  the  cavity  of 
the  dura  mater  or  subdural  space,  just  as  we  speak  of  the  subarach- 
noid space. 

The  SUBARACHNOID  SPACE  contains  the  cerebro-spinal  fluid,  which 
appears  to  circulate  somewhat  freely  on  the  surface  of  the  brain  and 
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spinal  cord.  It  is  important  to  notice  the  connections  of  the  subarach- 
noid space,  as  it,  with  its  connections,  forms  a  large  communicatiu; 
system  of  lymph  spaces,  and  may  be  almost  compared  with  a  seron 
cavity.  The  subarachnoid  space,  lying  between  pia  mater  and  arachnoid, 
is  intersected  by  trabecular.  The  pia  mater  and  arachnoid  become  incor- 
porated over  the  summits  of  the  convolutions,  so  that  it  is  only  in  the  sulci 
that  there  is  any  space.  The  pia  mater  is  prolonged  into  the  lateral 
ventricles,  forming  the  supporting  structure  of  the  choroid  plexus,  and 
the  subarachnoid  tissue  is  also  continued,  so  that  the  ventricles  com- 
municate here  with  the  subarachnoid  space.  There  is  a  still  freer  com- 
munication by  means  of  the  foramen  of  Majendie  at  the  fourth 
ventricle.  The  subarachnoid  space  and  the  ventricles  of  the  brain 
with  the  central  canal  of  the  spinal  cord  thus  form  a  continuous 
system  of  lymph  spaces,  and  the  cerebro-spinal  fluid  circulates  in  them. 
In  addition  to  this,  the  subarachnoid  space  communicates  with  lymph 
spaces  around  the  vessels  and  ganglion  cells,  the  perivascular  and 
periganglionic  spaces.  It  is  important  to  observe  that  the  subarachnoid 
space  does  not  communicate  with  the  subdural  space. 


MENINGEAL  H.55MOEEHAGE. 

The  HEMATOMA  OF  THE  DURA  MATER  is  a  condition  concernino: 
which  considerable  differences  of  opinion  exist.  It  presents  itself  mostly 
in  the  form  of  a  somewhat  massive  blood-clot  covering  the  internal 
surface  of  the  dura  mater  and  compressing  the  brain  substance.  '\'\'Tien 
the  clot  is  more  j)articularly  examined  it  is  seen  to  be  not  exactly  free, 
on  the  surface  of  the  dura  mater,  but  covered  with  a  delicate  mem- 
brane, which  is  continued  beyond  the  clot  on  the  surface  of  the  dm'a 
mater  as  a  thin  soft  layer.  This  membrane  generally  has  a  brownish 
colour,  evidently  from  the  blood-colouring  matter,  and  it  presents  in 
its  substance,  as  well  as  between  the  membrane  and  the  dura  mater, 
numerous  smaller  haemorrhages.  This  condition  is  of  somewhat  fre-| 
quent  occurrence,  particularly  among  the  insane.  f 

There  are  two  views  as  to  its  true  nature,  and  it  is  quite  pos- 
sible that  there  may  be  actually  two  diseases.  According  to  one 
view,  a  hfemorrhage  into  the  cavity  of  the  dura  mater  is  the 
primary  condition.  It  is  undoubted  that  a  haemorrhage  ma}'^  lead  to  a 
condition  resembling  that  described.  In  a  case  of  aneurism  of  one 
of  the  larger  cerebral  vessels,  where  bleeding  had  occurred  into  the' 
subdural  space  some  time  before  the  fatal  cerel)ral  hjemorrhage,  the 
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author  found  a  layer  of  soft  tissue  covering  the  dura  mater  and  having 
much  of  the  characters  described  above.  In  this  and  similar  cases  the 
coao-ulum  on  the  surface  of  the  dura  mater  becomes  organized  in  the 
usual  way,  and  vessels  pass  from  the  dura  mater  into  the  rudmientary 
tissue  thus  produced.  These  thin-walled  vessels  are  specially  apt  to 
bleed  for  reasons  to  be  presently  referred  to,  and  so  there  is  haemorrhage 
in  the  new-formed  tissue  and  under  it. 

But  many  cases  have  a  more  spontaneous  origin,  and  agree  with  the 
description  which  Virchow  has  given  of  hemorrhagic  pachymenin- 
gitis. This  disease  begins  in  an  inflammation  of  the  dura  mater, 
characterized  by  hypersemia.  The  inflammation  being  chronic,  the 
result  is  the  formation  of  a  soft  membrane  on  the  internal  surface  of 
the  dura  mater,  owing  to  an  inflammatory  transformation  of  its 
internal  layer.  In  its  structure  this  membrane  somewhat  resembles 
mucous  tissue,  containing  stellate  and  spindle-shaped  cells  in  a 
matrix  which  gives  a  precipitate  with  acetic  acid.  In  it  there  are 
large  thin-walled  blood-vessels  in  large  numbers.  The  false  membrane 
is  easily  lifted  from  the  dura  mater  with  forceps,  and  as  this  is  being 
done  numerous  red  threads  are  seen  to  stretch  from  it  to  the  dura 
mater  :  these  are  the  blood-vessels. 

An  explanation  of  the  large  size  and  tendency  to  rupture  of  these 
vessels  has  been  suggested  by  Rindfleisch.  To  begin  Avith,  there  is 
hypersemia  of  the  dura  mater  with  relaxation  of  the  arteries.  The  normal 
capillaries  being  in  a  dense  tissue  will  not  dilate  much,  but  the  blood  in 
them  mil  be  at  a  high  pressure.  The  new-formed  vessels,  however,  are 
delicate  and  lie  in  a  soft  tissue,  and  they  communicate  with  the  capillaries 
of  the  dura  mater  in  which  the  blood-pressure  is  excessive.  They  are 
therefore  very  liable  to  dilatation,  and  although  they  have  the  struc- 
ture of  capillaries  they  are  mostly  three  or  four  times  as  wide  as 
ordinary  ones.  These  vessels  often  rupture,  so  that  there  is  frequent 
haemorrhage  into  the  soft  membrane.  But  sometimes  a  more  consider- 
able hsemorrhage  occurs,  and  the  blood  accumulating  dissects  up  the 
membrane  from  the  dura  mater,  rupturing  fresh  vessels  as  it  advances. 
In  this  way  a  large  flat  clot  as  thick  as  the  hand  may  be  formed,  the 
proper  hsematoma.  It  will  be  observed  that  this  clot  is  still  covered 
with  the  membrane,  and  it  is  quite  unusual  to  find  the  blood  escaping 
into  the  cavity  of  the  dura  mater. 

If  a  fatal  hsemorrhage  does  not  occur,  the  new-formed  membrane 
undergoes  organization  in  the  way  of  other  inflammatory  structures.  It 
becomes  more  cellular  and  finally  develops  into  connective  tissue  which 
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coalesces  wath  that  of  the  dura  mater.  The  disease,  however,  is  apt  to 
recur,  and  a  fresh  soft  layer  is  formed  which  goes  through  the  same  stages, 
so  that  there  may  be  several  layers  in  different  stages  of  transformation 
on  the  surface  of  the  dura  mater,  the  innermost  layer  having  the 
characters  descri]:)ed  above. 

This  condition  occurs  chiefly  over  the  convexity  of  the  brain,  and  is 
stated  to  be  mainly  in  the  domain  of  the  middle  meningeal  artery. 
An  acute  suppurative  inflammation  very  rarely  develops  in  connection 
with  the  hsematoma. 

HEMORRHAGE  IN  THE  SOFT  MEMBRANES  is  of  comparatively  trivial 
consequence.  We  have  seen  that  in  the  case  of  rupture  of  aneurisms  of 
the  larger  cerebral  arteries  blood  passes  into  the  subarachnoid  space,  but 
usually  for  a  short  distance  only,  the  many  septa  apparently  pre  vec  ting  the 
extension  of  the  blood,  which  finds  much  freer  access  towards  the  brain. 
There  may  be  hsemorrhage  also  in  consequence  of  injuries,  whether 
accompanied  by  definite  wounds  or  fractures,  or  only  by  violent  shaking 
of  the  brain.  Hsemorrhages  have  also  been  observed  in  splenic  fever 
and  ulcerative  endocarditis. 

INFLAMMATIONS  OF  THE  MEMBRANES. 

The  INFLAMMATIONS  OF  THE  DURA  MATER  are  not  very  important 
if  we  exclude  the  hjBmorrhagic  form  described  above.  Acute  suppur- 
ative INFLAMMATION  is  always  secondary,  occurring  in  connection  with 
wounds  of  the  head,  disease  of  the  bones,  especially  caries,  and  throm- 
bosis of  the  sinuses.  The  dura  mater  is  softened  and  infiltrated  with 
pus  and  portions  of  it  often  slough. 

Simple  acute  meningitis. — This  name  is  applied  to  non-specific 
inflammations  of  the  pia-arachnoid.  If  it  be  desired  to  distinguish  it 
from  inflammation  of  the  dura  mater  it  may  be  named  leptomenin- 
gitis. Some  irritant  obtains  access  to  the  membranes,  and  as  it  is 
carried  by  the  circulating  cerebro-spinal  fluid  the  inflammation  is 
usually  of  a  spreading  character.  The  cases  are  frequently  traumatic 
and  the  irritant  is  septic  in  nature;  they  may  be  due  to  exten- 
sion from  disease  of  the  bones,  and  in  these  cases  the  meningitis 
may  be  associated  with  abscess  of  the  brain.  There  are,  however,  cases 
in  which  the  disease  has  its  starting  point  in  a  simple  blow  A^th 
commotio  cerebri  without  any  external  wound,  and  there  are  even 
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some  in  which  no  cause  is  discoverable,  but  these  form  rare  excep- 
tions. 

In  the  milder  cases  there  may  be  simply  a  serous  exudation  in  the 
subarachnoid  space,  constituting  an  inflammatory  oedema.  But  in  most 
instances  the  case  goes  on  till  pus,  or  pus  with  hbrine,  is  exuded.  The 
first  appearances  are  visible  in  the  neighbourhood  of  the  veins,  in  the 
sulci  between  the  convolutions.  Very  often  there  is  a  white  or 
yellow  band  visible  on  either  side  of  the  vein,  and  this  consists 
of  accumulated  leucocytes,  it  may  be  with  fibrine.  As  the  exuda- 
tion increases  the  veins  become  buried  in  it,  and  the  whole  subarachnoid 
space  becomes  filled.  The  spaces  being  filled  out  the  pia-arachnoid 
forms  a  bulky  solid  layer  which  may  be  separated  from  the  surface  of 
the  brain,  and  form  a  mould  of  the  convolutions  on  its  under  surface. 
The  inflammation  extends  in  some  measure  along  the  perivascular 
spaces  into  the  superficial  parts  of  the  brain  substance.  This  is  im- 
portant in  relation  to  the  symptoms,  which  are  often  those  of  irritation 
of  the  cortex  of  the  brain.  /-y- 

The  infiammation  usually  begins  in  a  particular  locality,  generally 
some  part  of  the  convexity,  and  here  the  arachnoid  and  the  dura  mater 
are  sometimes  united  by  fibrinous  exudation.  It  spreads  from  this, 
generally  confining  itself  to  the  convexity,  but  sometimes  it  extends  to 
the  base,  or  to  the  spinal  cord,  or  even  into  the  ventricles. 

Simple  chronic  meningitis  of  the  brain  and  spinal  cord  is  usually 
secondary.  There  are  thickenings  and  adhesions  of  these  membranes 
in  diff"erent  forms  of  insanity,  in  diseases  of  the  iDones,  in  the 
various  scleroses  of  the  cord,  especially  posterior  sclerosis.  It  is  im- 
portant to  remember  that  a  chronic  inflammation  of  the  membranes  of 
the  cord  may  be  propagated  from  the  peripheral  nerves  along  their 
sheaths. 

Epidemic  cerebro-spinal  meningitis. — As  the  name  implies,  this 
is  a  disease  which,  like  the  acute  fevers  and  hydrophobia,  depends  on  a 
virus  introduced  into  the  body.  The  morbid  poison  shows  a  special 
affinity  for  the  meninges  of  the  brain  and  spinal  cord,  although  other 
organs  are  also  in  a  minor  degree  aff'ected. 

The  soft  membranes  present  evidences  of  acute  inflammation  at  first 
in  the  form  of  serous  exudation  with  few  leucocytes  and  red  corpuscles. 
This  condition  is  only  seen  in  cases  which  have  died  very  early  after 
the  onset  of  the  disease,  and  soon  the  exudation  takes  on  a  purulent 
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character  as  in  simple  meningitis.  The  exudation  is  here  also  in  tli, 
subarachnoid  space,  and  penetrates  along  the  sheath  of  the  nutritive 
arteries  into  the  nervous  tissue  beneath.  There  is  very  seldom  an\ 
exudation  on  the  surface  of  the  arachnoid,  and  the  dura  mater  hardly 
ever  takes  part  in  the  disease.  The  exudation  is  most  marked  in  the 
sulci  between  the  convolutions  of  the  convexity,  in  the  fissure  of  Sylvius, 
on  the  surface  of  the  pons,  and  upper  surface  of  the  cerebellum.  In 
the  spinal  cord  it  is  most  abundant  in  the  lumbar  region,  and  is  almost 
confined  to  the  posterior  surface  where  it  often  surrounds  the  posterior 
roots. 

The  disease  is  fatal  in  over  50  per  cent,  of  the  cases,  but 
when  recovery  occurs  it  is  usually  complete.  Sometimes,  however, 
there  is  permanent  damage  to  the  nervous  structures,  as  evidenced  by 
deafness,  etc. 

-  Tubercular  meningitis  {Basal  meningitis,  Hydrocephalus  acutus).— 
This  disease,  as  the  name  implies,  depends  on  the  presence  in  the 
meninges  of  the  tubercular  virus.  In  the  large  majority  of  cases  the 
disease  is  simply  part  of  a  general  tuberculosis,  the  virus  being  in 
the  blood.  There  are  disseminated  tubercles  in  other  organs,  as  the 
lungs,  liver,  kidneys,  but  the  affection  of  the  meninges  produces  such 
pronounced  symptoms  that  it  monopoUzes  the  attention  especially  of , 
the  clinical  observer.  The  meninges  are  affected  more  frequently  in  the 
general  tuberculosis  of  children  than  in  that  of  adults ;  it  thus  seems  as 
if  the  soft  membranes  in  children  were  more  adapted  to  the  growth  of 
the  virus.  Hence  tvater  in  the  head  is  counted  rather  a  disease  of  child- 
ren. But  tubercular  meningitis  is  more  frequent  in  the  adult  than  is 
usually  supposed,  and  many  obscure  head  cases  are  found  post  mortem 
to  be  cases  of  general  tuberculosis  with,  it  may  be,  a  very  limited 
meningitis. 

When  not  connected  with  general  tuberculosis,  tubercular  meningitis 
is  for  the  most  part  connected  with  solitary  tubercles  in  the  brain, 
although  this  is  by  no  means  a  frequent  association. 

The  virus  reaching  the  meninges  by  the  blood,  lodges  in  the  lymph 
spaces  of  the  membranes,  and  produces  inflammation  and  tubercles  in 
the  walls  of  the  finer  arteries  of  the  j)ia  mater,  and  in  the  subarachnoid 
space.  These  conditions  are  peculiarly  localized  in  the  basal  parts  of  yl 
the  brain,  although  extending  sometimes  to  the  lateral  aspects  and  to  ' 
the  spinal  cord.  It  may  be  that  this  is  related  to  the  fact  that  the 
arteries  are  distributed  from  the  base,  or,  more  probably,  that  the 
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cerebro-spinal  fluid  stagnates  here  more  than  elsewhere,  and  allows  of 
the  growth  of  the  virus. 

The  APPEARANCE  OF  THE  BRAIN  on  post-mortem  examination  is 
somewhat  as  follows.  On  removing  the  dura  mater,  the  cerebral  hemi- 
spheres are  generally  seen  to  be  fuller  than  usual,  and  the  surface  of  the 
arachnoid  is  somewhat  dry  and  glazed.  This  is  due  to  the  pressure 
•  from  the  ventricles,  which  are  distended  with  fluid,  usually  clear 
senmi,  but  sometimes  slightly  turbid  with  pus.  The  amount  of  fluid  is 
sometimes  very  great,  and  this  prominent  feature  gave  rise  to  the  name 
ACUTE  HYDROCEPHALUS  being  applied  to  this  disease.  In  the  neighbour- 
hood of  the  lateral  ventricles,  and  especially  posteriorly,  the  brain  substance 
is  soft  and  almost  diffluent  (white  softening).  On  exposing  the  base  of 
the  brain,  the  appearances  of  inflammation  in  the  membranes  are  to  be 
looked  for.  These  are  often  somewhat  obscure,  and  in  appearance 
trivial.  In  the  slighter  cases  they  consist  merely  of  a  turbidity  or 
opacity  over  the  pons  and  optic  chiasma.  The  subarachnoid  space 
is  occupied  by  a  serous  exudation  with  some  pus,  giving  often  a  greenish 
colour.  But  usually  the  exudation  is  much  more  abundant  and  covers 
the  basal  structures,  extending  to  the  surface  of  the  cerebellum,  and 
up  the  fissure  of  Sylvius,  where  it  often  reaches  the  lateral  aspects 
of  the  hemispheres.  The  concentration  of  the  exudation  at  the  base  is 
of  great  importance,  and  the  covering-in  of  the  optic  chiasma  is  often 
the  most  direct  and  sometimes  the  only  prominent  sign  of  the  existence 
of  the  disease. 

The  evidences  of  inflammation  are  much  more  prominent  to  the 
naked  eye  than  the  tubercles.  These  are  often  only  distinctly  visible 
on  microscopic  examination,  as  they  are  so  much  buried  in  the  exuda- 
tion and  attached  to  such  small  arteries.  On  opening  up  the 
fissure  of  Sylvius,  however,  where  the  exudation  generally  glues  the 
opposed  surfaces  of  the  brain  together,  it  is  usually  possible  to  see  the 
little  white  tubercles,  often  no  larger  than  pin's  heads.  If  a  piece 
of  the  soft  membrane  be  removed,  however,  even  from  a  part  where  the 
exudation  is  very  abundant,  and  examined  with  a  low  power  under  the 
microscope,  the  tubercles  are  readily  seen  as  spindle-shaped  prominences 
on  the  small  arteries  (see  Fig.  221).  These  are  seated  in  the  adventitia, 
and  are  often  somewhat  ill-defined  at  their  periphery  on  account  of  the 
mtlammatory  exudation. 

The  exudation,  and  perhaps  the  tubercles  also,  extend  along  the 
sneaths  of  the  nutritive  vessels  into  the  substance  of  the  brain  and 
spinal  cord,  as  well  as  into  the  cerebral  nerves.    The  superficial  parts  of 
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the  brain  substance  in  particular  are  hypersemic,  and  not  infrequently 
the  seat  of  small  haemorrhages. 

The  di  'opsy  of  the  ventricles,  which  is  such  a  prominent  feature 
in  this  disease,  will  be  considered  afterwards  in  the  section  on  hydro- 


Fig.  221.— Arteries  of  the  pia  mater  in  a  case  of  tubercular  meningitis.  The  fre- 
quent spindle-shaped  swellings  indicate  the  position  of  the  tubercles,    x  10. 


cephalus.    The  white  softening  of  the  parts  around  the  ventricles 
has  given  rise  to  some  discussion  as  to  its  cause.    It  may  extend  some- 
what deeply  into  the  brain  substance,  involving  fornix,  septum  luci- 
dum,  corpus  callosum,  and  even  the  thalamus  opticus  and  corpus 
striatum,  and  it  is  sometimes  so  extreme  as  to  reduce  the  tissue  to 
the  consistence  of  thick  cream.    It  is  clear  from  the  comparative 
absence  of  symptoms  that  this  extreme  softening  does  not  exist  during^ 
life.    Probably  the  fluid  in  the  ventricles  macerates  and  loosens  outth^ 
brain  tissue  without  interrupting  the  functions,  and  after  death  ^ 
more  pronounced  softening  occurs.    The  condition  is  not  an  inflamma- 
matory  one,  and  it  occurs  mainly  where  the  fluid  gravitates,  namely,  i 
the  brain  substance  around  the  posterior  parts  of  the  ventricle. 
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ACCUMULATION  OF  THE  CEEEBRO-SPINAL  FLUID  IN 
THE  MEMBEANES  AND  CAVITIES. 

It  has  been  already  pointed  out  that  the  subarachnoid  space,  with 
the  ventricles  and  central  canal  of  the  spinal  cord,  form  a  single 
system  of  lymph  spaces  which  intercommunicate.  The  lymph  in  these 
spaces  may  accumulate,  and  so  lead  to  various  forms  of  oedema  and 
dropsy  of  the  brain.  In  this  connection  it  is  important  to  remember 
that  the  skull  is  a  closed  cavity,  and  any  increase  in  the  fluid  in  these 
spaces  implies  a  decrease  in  the  quantity  of  blood  in  the  vessels  or 
of  the  brain  substance  itself. 

There  may  be  a  general  oedema  of  the  membranes  and  spaces, 
perhaps  including  the  perivascular  spaces  in  the  brain  substance.  This 
may  take  place  in  Bright's  disease,  and  may  occur  along  with  an  oedema 
of  other  parts,  or  develop  in  a  more  isolated  manner.  The  pressure 
of  the  fluid  in  this  case  has  been  supposed  by  some  to  be  the  cause 
of  the  S3''mptoms  usually  called  urgemic.  /'^ 

Then  there  is  an  cedema  ex  vacuo.  When  the  brain  shrinks,  as  we 
have  seen  in  general  paralysis,  or  when  it  undergoes  a  more  simple 
atrophy  as  in  SENILE  ATROPHY,  there  is  a  serious  loss  of  substance. 
The  latter  condition  may  be  extreme  in  very  old  persons,  although  the 
brain  does  not  usually  atrophy  in  proportion  to  other  tissues.  The  loss 
of  substance  thus  produced  must  be  compensated,  and  there  are  two 
ways  in  which  this  may  be  done,  the  one  is  by  thickening  of  the 
cranium  and  the  other  by  augmentation  of  the  cerebro-spinal  fluid. 
Thickening  of  the  cranium  takes  place  only  to  a  limited  extent,  and 
the  space  is  chiefly  filled  up  by  fluid.  The  ventricles  dilate  greatly 
{hjclrocefhalus\  and  the  subarachnoid  space  is  highly  cedematous.  It  is 
to  be  particularly  observed  that  there  is  seldom  any  excess  of  fluid  in 
the  subdural  space,  but  that  the  soft  membranes,  especially  between 
the  atrophied  convolutions,  are  highly  oedematous. 

Hydrocephalus. — This  name  is  applied  to  dropsy  of  the  ventricles 
of  the  brain,  and  we  have  now  to  consider  the  condition  as  it  occurs 
apart  from  oedema  of  the  membranes.  More  strictly,  dropsy  of  the 
ventricles  is  hydrocephalus  internus,  while  a  massive  collection  of  fluid 
externally  is  hydrocephalus  externus.  But  as  the  latter  hardly  occurs 
except  as  an  cedema,  the  name  hydrocephalus  is  usually  limited  to  the 
former.  In  a  similar  sense  the  term  hydrorhachis  is  used  for  the  spinal 
cord,  hydrorhachis  interna  being  a  dropsy  of  the  central  canal  and  hydro- 
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rhachis  externa  a  dropsical  accumulation  in  the  subarachnoid  spaces. 
We  shall  consider  first  some  of  the  more  easily  explainable  cases  of 
hydrocephalus. 

Acquired  hydrocephalus.— Apart  from  the  form  cx  vacuo,  hydro- 
cephalus as  met  with  in  the  adult  is  mostly  related  to  a  definite 
disturbance  of  the  circulation  in  the  brain.  The  ventricles  are  sup-^ 
plied  with  fluid  chiefly  through  the  choroid  plexus,  and  any  obstruction  ■ 
to  the  veins  here  is  liable  to  lead,  on  principles  already  considered,  to  an 
excessive  exudation.  It  seems  also  as  if  the  choroid  plexus,  with  its. 
villi,  acted  as  a  drain  to  the  ventricles,  the  fluid  passing  into  its  lymph 
spaces,  and  so  either  into  the  veins  or  outwards  to  the  subarachnoid 
space.  If  the  veins  are  obstructed  they  can  no  longer  aid  in  absorption, 
but  on  the  contrary  their  obstruction  causes,  as  we  have  just  seen, 
excessive  transudation  from  the  capillaries.  Again,  if  the  lymphatic 
vessels  and  spaces  are  filled  up,  this  will  interfere  with  the  absorption, 
so  that  dropsy  may  arise  in  this  way.  We  have  therefore  two  classes 
of  cases,  one  in  which  the  veins,  and  another  in  Avhich  the  lymph  spaces 
are  obstructed. 

The  veins  of  the  choroid  plexus  gather  themselves  into  the  great 
VEINS  OF  Galen,  which  pass  outwards  between  the  corpus  callosum 
and  corpora  quadrigemina  to  open  into  the  straight  sinuses.  In  cases  of 
obstruction  of  these  veins  there  may  be  a  rapid  accumulation  of  fluid 
in  the  ventricles,  and  death  may  even  result  from  the  sudden  increase 
of  intracranial  pressure.  These  veins  may  be  obstructed  by  pressure 
from  without,  especially  by  tumours  of  the  cerebellum,  or  by  thrombi 
occupying  their  cahbre.  In  most  cases  the  thrombus  originates  in  the 
sinuses,  and  grows  into  the  veins  of  Galen,  but  Newman  has  recorded 
a  case  in  which  these  veins  alone  seemed  to  be  the  seat  of  throm- 
bosis. . 

In  TUBERCULAR  MENINGITIS  hydrocephalus  is  nearly  constant,  buti 
it  is  rather  difficult  of  explanation.  Tubercles  are  generally  found  on 
the  vessels  of  the  choroid  plexus,  but  the  exudation  in  the  ventricles  is:f : 
rarely  inflammatory  in  character,  consisting  of  a  clear  pellucid  fluid 
with  little  albumen,  and  a  speciflc  gravity  of  about  1010.  The  explan- 
ation is  probably  to  be  found  in  the  exudation  outside  the  ventricles. 
This  ,.s  generally  abundant  where  the  velum  interpositum  issues  from  the 
ventricles  just  in  front  of  the  cerebellum,  and  here,  besides  filling  up  the 
lymph  spaces,  it  is  liable  to  cause  pressure  on  the  veins  of  Galen  as  they 
pass  through  the  comparatively  narrow  isthmus.  This  is  the  more 
likely  to  produce  hypertemia  and  exudation  from  the  veins  that  the 
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arteries  reach  the  j)lexus  by  a  clifFerent  route,  and  are  not  so  liable  to 
be  pressed  on. 

Chronic  hydrocephalus. — This  name  is  given  to  a  condition  which 
is  very  frequently  CONGENITAL ;  if  not  congenital,  it  sets  in  at  an  early 
period  after  birth.  The  explanation  of  the  enormous  accumulation  of 
fluid  which  occurs  here  is  very  obscure.  As  a  rule,  no  mechanical  cause 
is  discoverable  obstructing  the  venous  circulation,  although  there  are 
cases  of  solitary  tubercle  obstructing  veins  in  children  and  producing 
what  is  really  an  acquired  hydrocephalus.  It  is  said  that  chronic 
hydrocephalus  often  goes  along  with  rickets,  and  it  has  been  suggested 
that  as  a  rickety  skull  is  more  yielding  than  a  normal  one,  too  little 
pressure  is  exercised  on  the  brain,  and  the  accumulation  of  fluid  is 
allowed.  This  is  not,  however,  a  sufficient  explanation,  especially  of 
the  severe  congenital  cases.  The  probability  is  that  the  disease  depends 
on  a  congenital  defect  in  the  apparatus  for  the  secretion  and  absorption 
of  the  cerebro-spinal  fluid. 

The  dropsy  aff'ects  mainlj^  the  lateral  V^iitricles,  but  ma;y  extend  to 
the  others.  Sometimes  the  ventricle  of  the  septum  lucidum  is  obviously 
distended  as  it  lies  between  the  two  lateral  ventricles.  The  convolutions 
are  flattened  out,  and  as  the  accumulation  increases  they  maybe  comiDletely 
unfolded,  the  brain  forming  a  smooth  globe  over  the  greatly  distended 
ventricles.  If  the  disease  has  begun  early  in  foetal  hfe,  the  brain  may 
be  deficient  in  some  of  its  parts.  The  distension  may  be  so  great  as  to 
cause  thinning  of  the  covering  brain  substance  to  an  extraordinary  degree, 
leaving  little  between  the  pia  mater  and  the  fluid.  The  surface  of  the 
ventricles  (ependyma)  is  usually  somewhat  thickened,  giving  a  kind  of 
leathery  membranous  lining  to  the  cavity.  In  this  respect  the  condition 
diff'ers  markedly  from  that  in  acute  hydrocephalus,  although  in  the  chronic 
form  there  may  be  considerable  softening  of  the  brain  substance  outside 
the  ependyma.  In  some  very  rare  cases  the  corpus  callosum  and  its 
pia-arachnoid  have  given  way,  the  fluid  coming  thus  to  the  surface  and 
filling  the  cavity  of  the  dura  mater.  In  that  case  the  hemispheres  are 
folded  aside,  and  the  central  parts  of  the  brain  are  exposed,  the  brain 
being  as  a  whole  pressed  down  towards  the  base. 

With  this  great  enlargement  of  the  ventricles  the  head  is  greatly 
enlarged,  and  as  the  bones  are  more  yielding  in  some  parts  than  others, 
an  alteration  in  shape  occurs.  The  fontanelles  and  sutures  are  enlarged 
and  their  closure  greatly  delayed.  The  frontal  bone  is  pushed  forward 
•so  that  the  forehead  rises  perpendicularly,  or  overhangs  the  eyebrows  ; 
the  panetals  bulge  laterally,  and  the  occipital  bones  are  pushed  back- 
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wards.  The  head  in  this  way  becomes  greatly  increased  in  circumference, 
while  it  is  usually  much  flattened  at  the  vertex.  The  bones  of  the  face, 
even  though  they  are  of  normal  size,  look  dwarfed  beside  the  enlarge  i 
cranium,  and  have  a  pinched  look.  The  eyeballs  are  rendered  pro- 
minent by  the  pressure  on  the  roof  of  the  orbit,  and  enlarged  veins  aiv 
generally  seen  beneath  the  thin  skin  of  the  head. 

Although  there  is  this  great  thinning  of  the  brain  substance,  it  is 
remarkable  how  the  functions  may  be  retained,  A  child  in  this  condi- 
tion may  remain  very  intelligent,  and  when  recovery  occurs  may  pass 
through  life  with  no  permanent  defect  in  the  functions  of  the  brain. 
The  yielding  of  the  skull  seems  to  prevent  any  such  excess  of  pressur( 
as  to  seriously  damage  the  brain,  which  has  a  remarkable  power  of  ac- 
commodating itself  to  alterations  in  position  of  its  parts.  If  recovery- 
takes  place,  the  skull  to  some  extent  collapses,  the  fontanelles  and 
sutures  close,  often  with  the  formation  of  additional  centres  of  ossifica- 
tion, forming  Wormian  bones  in  the  sutures.  But  the  fontanelles  arc 
late  in  closing,  and  the  cranium  retains  somewhat  of  the  hydrocephalic 
shape  during  life.  • 

Hydrencephalocele. — This  condition  is  somewhat  allied  to  hydro- 
cephalus. There  is  here,  however,  a  congenital  defect  in  the  cranial 
bones,  and  the  sac  of  fluid  protrudes  externally.  It  may  be  only  thc^ 
membranes  that  protrude  in  the  form  of  a  sac  filled  with  fluid  (menin- 
gocele), or  there  may  be  also  a  layer  of  brain  substance.  Sometimes  the 
external  sac  becomes  separated  from  the  structures  inside  and  forms  an 
independent  sac.  The  usual  situations  of  these  tumours  are  the  root  of 
the  nose,  the  occipital  region,  and  (more  rarely)  the  sagittal  suture. 

Spina  Bifida. — This  condition  is  associated  with  or  depends  on 
hydrorhachis,  but  there  is  in  addition  a  congenital  defect  in  the  spinal 
column,  by  reason  of  which  a  sac  containing  cerebro-spinal  fluid  is  pro- 
truded externally.  It  thus  forms  a  rounded  tumour  in  the  middle  hnc 
of  the  back,  situated,  in  the  great  majority  of  cases,  in  the  lumbar  or 
lumbo-sacral  region,  but  occasionally  at  other  levels. 

The  spina  bifida  seems  to  have  its  origin  in  a  foetal  hydrorhachis. 
The  cerebro-spinal  fluid  accumulates  either  in  the  central  canal  or  in  the 
subarachnoid  space,  and  a  protrusion  of  the  dropsical  structures  from 
the  spinal  canal  takes  place.  It  should  be  stated  here  that  a  hydro- 
rhachis may  occur  after  birth  or  even  in  the  foetus,  without  spina 
bifida,  the  central  canal  being  distended,  and  sometimes  forming 
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distinct  cysts,  or  the  subarachnoid  space  being  in  a  dropsical  con- 
dition. 

When  spina  bifida  arises  from  a  hydrorhachis  interna,  the  spinal  cord 
is  usually  spHt  posteriorly,  so  that  the  central  canal  is  laid  open  and 
communicates  with  the  surface  of  the  cord.  Sometimes  instead  of  this 
there  is  great  thinning  of  the  cord  which  is  spread  over  the  dropsical 
cavity.  The  protruded  sac  in  the'  case  of  hydrorhachis  interna  vnll 
consist  of  the  pia-arachnoid  and  the  dura  mater.  In  the  other  form, 
when  the  origin  is  in  hydrorhachis  externa,  the  pia  mater  will  be 
absent  from  the  sac.  But  the  mem- 
branes are  often  so  matted  as  to  be 
unrecognizable,  and,  on  the  other  hand, 
the  dura  mater  is  often  thinned  and 
perforated. 

The  sac  is  generally  protruded 
through  the  deficient  arches  of  the 
vertebrae.  But  the  arches,  although 
completely  formed,  may  not  have 
,  united  posteriorly,  and  there  are  even 
cases  in  which  the  protrusion  is  through 
the  space  between  two  arches.  Out- 
side the  vertebrae  the  sac  acquires  a 
covering  of  skin,  which  is  sometimes 
considerably  thinned  so  that  rupture 
may  occur.  The  external  tumour  is 
usually  sessile,  in  which  case  it  com- 
municates by  a  rather  large  aperture 
with  the  spinal  canal.  In  other  cases 
there  is  a  narrow  neck,  and  the  tumour 
may  be  pendulous. 

The  CONDITION  OF  THE  CORD  is  of 

great  importance  in  these  cases.  When 
the  protrusion  is  in  the  sacral  region, 
the  filum  terminale  is  often  attached 
inside  the  sac  giving  it  a  central  dimp- 
ling externally,  and  the  spinal  cord  ex- 
tends down  into  the  sacrum  as  at  the 
earlier  months  of  foetal  life,  as  if  held  down  by  its  attachment  externally. 
When  dropsy  of  the  central  canal  has  been  the  primary  condition,  we 
have  already  seen  that  the  cord  is  usually  split,  but  it  may  be  largely 


Fig.  222.— Section  of  a  spina  bifida  of 
the  lumbar  region,  a,  h,  cvitis  and  sub- 
cutaneous tissue ;  c,  fascia ;  d,  sj)inous 
processes ;  e,  dura  mater,  which  i^asses 
into  sac  and  becomes  attached  to  the  skin 
ate';  /,  arachnoid,  which  passes  into  sac 
forming  its  internal  lining  ;  (/,  spinal  cord, 
which  also  enters  the  sac  and  becomes  at- 
tached to  the  skin  g',  where  it  had  a  small 
opening  ;  the  attachment  forms  a  dimple 
in  the  sac  ;  w,  n,  spinal  nerves  which  pass 
from  the  cord  round  to  the  anterior  aspect 
of  the  sac  so  as  to  reach  their  normal  jjlaces 
of  issue  fi"om  the  spinal  canal.  (ViRciiow.) 
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destroyed  for  some  distance.  Whatever  the  origin  of  the  dropsy,  the 
spmal  cord  is  usually  carried  to  some  extent  into  the  sac  (Fig  222)  being 
apparently  dragged  inwards,  either  entirely  or  in  some  of  its  strands 
ihe  cord  IS  mostly  in  that  case  firmly  united  to  the  wall  of  the  sac 
The  nerves  may  issue  from  the  cord  within  the  sac,  and  in  the  case 
where  the  filum  terminale  is  in  the  sac,  the  sacral  nerves  traverse  the 
sac  before  passing  to  the  intervertebral  foramina. 


TUMOURS  OF  THE  MENINGES. 

Tumours  of  the  membranes  of  the  brain  are  of  importance  especially 
when  they  press  on  the  brain  inside  or  on  the  nerves  as  they  issue  from 
the  skull.    They  are  of  considerable  variety. 

FiBROMAS  have  been  found  arising  from  the  dura  mater  both  of  the 
brain  and  of  the  spinal  cord.    In  the  latter  case  they  are  liable  to  press 
on  the  cord  and  may  even  interrupt  it.    In  a  case  observed  by  the 
author  a  hard  fibroma  the  size  of  a  marble  produced  serious  mischief 
by  pressing  on  the  cer^dcal  cord.    The  chondroma  has  occasionally 
been  observed,  especially  in  the  dura  mater  of  the  cord.    In  a  dog 
observed  by  the  author,  paraplegia  was  produced  by  such  a  tumour  in 
the  dorsal  region.    The  lipoma  is  a  very  rare  form  of  tumour  in 
the  meninges ;  that  already  mentioned  on  the  surface  of  the  corpus 
callosum  (p.  185)  probably  originated  in  the  i)ia  mater.  The  PSAiiOiojiA 
occurs  not  infrequently  in  the  dura  mater,  where  it  forms  a  rounded 
growth  on  its  internal  surface ;  sometimes  it  is  multiple.    The  tumour 
is  usually  small,  but  may  be  as  large  as  a  walnut,  and  its  surface 
is  rough  and  tuberculated.    This  form  of  tumour  is  sometimes  classified 
among  the  sarcomas,  the  calcareous  particles  being  regarded  as  of 
insufficient  importance  to  give  the  name  to  the  tumour;  but  the 
structure,  apart  from  the  lime  deposits,  is  often  that  rather  of  a  fibroma. 
The  psammoma  also  occurs  as  a  small  soft  tumour  in  the  choroid  plexus 
and  in  the  pineal  gland.    In  the  latter  case  there  may  be  a  tumour 
of  considerable  size,  whose  structure  is  like  that  of  the  normal  gland, 
and  so  the  condition  is  sometimes  designated  hyperplasia  of  the 
PINEAL  GLAND.    The  OSTEOMA  hardly  occurs  in  the  membranes  as 
a  distinct  tumour,  but  it  is  common  to  find  flat  pieces  of  bone  in 
the  dura  mater,  especially  in  the  falx  and  tentorium,  and  even  in  the 
arachnoid. 

The  PACCHIONIAN  BODIES  sometimes  give  origin  to  tumours  Avhicli 
may  grow  to  considerable  dimensions.    These  bodies  consist  of  papillae 
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which  sj^ring  from  the  arachnoid  and  project  in  various  directions  ;  some 
of  them  present  towards  the  skull,  where,  after  thinning  the  dura  mater 
they  cause  pits ;  others  project  into  the  longitudinal  sinus.  Cleland  has 
described  two  tumours  of  a  papillary  character  which  grew  from  the 
dura  mater  and  pressed  on  the  brain  substance.  Although  one  of  these 
was  situated  in  the  falx,  which  does  not  normally  present  pacchionian 
bodies,  yet  the  structure  of  the  tumours  conformed  to  that  of  these 
bodies.  In  that  on  the  falx  there  were  calcareous  masses  like  those 
which  characterize  the  jDsammoma.  The  tumours  measured  respectively 
two  inches  and  one  and  a-half  in  diameter. 

Sarcomas  are  exceedingly  important  tumours,  especially  those 
of  the  dura  mater.  Most  of  these  tumours  are  soft  in  consistence  and 
contain  chiefly  round  cells.  Sometimes  there  is  a  distinct  alveolar 
structure,  and  the  cells  have  a  distinct  resemblance  to  ei>ithelium, 
so  that  the  tumours  have  been  often  described  as  cancers.  There  are 
even  tumours  remarkably  like  epitheliomas  sometimes  observed  in 
the  dura  mater,  but  they  are  probably  to  be  regarded  rather  as 
endothehomas.  The  sarcomas  generally  present  great  malignancy.  On 
the  one  hand  they  extend  and  involve  neighbouring  parts  of  the  dura 
mater  as  well  as  the  soft  membranes  and  the  brain ;  and  on  the  other 
hand  they  press  outwards  to  the  skull,  and  may,  after  destroying 
the  bone,  work  through  to  the  external  surface.  These  tumours  have 
mostly  their  seat  at  the  base  of  the  skull  and  often  lead  to  serious 
nervous  lesions.  They  may  involve  directly  such  structures  as  the 
pons  or  medulla  oblongata,  the  sarcomatous  tissue  growing  into  and 
replacing  the  proper  structure ;  they  also  grow  into  the  cranial  nerves. 
By  involving  the  bone  and  enlarging  it,  they  may  impinge  on  the 
foramina  by  which  the  nerves  take  exit.  As  they  are  seated  usually 
at  the  base,  they  generally  when  they  work  through  the  skull  present 
at  the  pharynx  or  nares. 

Of  the  remaining  tumours,  the  syphilitic  have  been  already 
considered  (p.  469).  Tubercular  growths  hardly  ever  occur  except 
by  propagation  from  disease  of  the  vertebra.  Dermoid  cysts  of  the 
dura  mater  have  been  observed  in  a  few  cases. 

_  The  ECHINOCOCCUS  Sometimes  develops  in  the  neighbourhood  of  the 
spmal  canal,  in  the  muscles  or  in  the  vertebra?.  By  enlarging  it  may 
extend  into  the  canal,  pushing  the  dura  mater  before  it  and  compressing 
the  cord.  It  has  even  been  found  to  have  its  seat  inside  the  dura 
mater.  A  few  cases  of  cysticercus  in  the  subarachnoid  space  have 
been  described. 


DISEASES  OF  THE  ORGANS  OF  RESPIRATION. 


A.— THE  AIR  PASSAGES. 

TX^E  have  here  to  study  the  diseases  of  the  nasal  passages,  the 
larynx,  trachea,  and  bronchi.  As  these  parts  have  much  that 
is  common  in  structure,  their  lesions  have  much  similarity.  This  apphes 
especially  to  the  larynx,  trachea,  and  bronchi,  which  are  of  essentially 
similar  structure. 

THE  NASAL  PASSAGES. 

Congenital  malformations. — Such  deformities  as  absence  of  the 
nose  and  its  cavities,  stenosis,  and  so  on,  are  usually  parts  of  a  general 
malformation,  and  are  not  of  importance  in  a  practical  aspect.  In  clefts 
of  the  lip  and  palate,  the  nasal  cavities  are  in  communication  to 
a  greater  or  less  extent  with  the  mouth.  This  communication  renders 
the  mucous  membrane  of  the  nares  liable  to  inflammation.  Normally, 
the  nasal  passages  are  protected  against  any  irritation  except  that 
of  the  air  passing  through  them,  and  the  mucous  membrane  is  corres- 
pondingly sensitive.  We  know  how  the  accidental  passage  of  a  piece  of 
solid  food  into  the  nares  causes  great  irritation,  and  we  shall  afterwards 
see  that  the  existence  of  a  foreign  body  in  the  nares  is  a  frequent  cause 
of  prolonged  catarrh.  In  cases  of  cleft  palate  the  food  and  secretions  of 
the  mouth  readily  pass  into  the  nares  and,  although  a  certain  tolerance 
may  be  established,  persons  so  alFected  are  peculiarly  liable  to  catarrh  of 
the  nares. 

Acute  Catarrh. — This  is  by  far  the  commonest  disease  of  the  nares, 
being  usually  called  cold  in  the  head.    It  is  an  inflammation  of  the 
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nasal  mucous  membrane,  but  it  is  exceedingly  difficult  to  be  certain  as 
to  what  the  cause  of  the  inflammation  is.    We  shall  see  as  we  go  on 
that  the  mucous  membranes  of  the  air  passages  are  much  more  liable 
to  inflammations  than  those  of  the  alimentary  canal,  and  we  can  under- 
stand that  an  exposure  to  cold  air  which  would  not  produce  any  catarrh 
of  the  mouth  might  do  so  in  the  nares.    Moreover,  the  fact  that  the 
nares  are  the  nearest  part  of  the  air  passages  to  the  air,  and  are  there- 
fore most  exposed  to  the  action  of  the  cold,  is  an  indication  that  such 
exposure  has  probably  something  to  do  with  it.    But  mere  inhalation 
of  cold  air  is  not  enough  to  produce  catarrh,  as  everyone  who  is  liable 
to  cold  in  the  head  will  admit.   There  must  be,  as  a  predisposing  cause, 
some  peculiar  sensitiveness  of  the  mucous  membrane.    It  is  exceedingly 
difficult  to  explain  how,  at  one  time,  a  person  is  able  to  brave  any 
amount  of  exposure  without  any  risk  of  catarrh,  while  at  another  time 
a  slight  draught,  or  no  perceptible  exposure  at  all,  will  bring  it  on. 
Such  circumstances  as  these,  taken  along  with  the  fact  that  the  catarrh 
has  a  definite  course,  usually  of  a  week^  duration,  has  induced  some  to 
suppose  that  the  disease  is  really  due  to  specific  organisms.     In  this 
view  it  is  necessary  to  suppose  that  these  organisms  are  abundantly 
present  in  the  air,  and  that  they  take,  as  it  were,  advantage  of  the 
mucous  membrane  when,  at  any  time,  it  is  in  a  specially  predisposed 
state.     This  predisposition  may  be  induced  by  cold  applied  either 
directly  to  the  mucous  membrane  or  to  some  other  part  of  the  bod}-, 
but  other  predisposing  causes  may  exist.    For  instance,  when  a  person 
is  sitting  before  a  warm  fire  the  arteries  of  the  skin  and  mucous  mem- 
branes generally  are  relaxed,  and  there  is  an  active  hypergemia.  At 
such  a  time  a  slight  exposure  to  cold  may  induce  catarrh,  apparently  by 
rendering  the  mucous  membrane  less  able  to  resist.    Much  could  be 
said  in  favour  of  this  view  of  the  causation  of  catarrh  of  the  nares. 
There  is  apparent  confirmation  of  it  in  the  fact  that  nasal  catarrh  is 
known  to  occur  as  the  result  of  irritation  by  known  specific  viruses. 
In  measles  the  catarrh  seems  referrible  to  the  specific  virus.  In 
hay  asthma  the  irritation  of  .the  pollen  of  grasses  is  believed  to  be 
the  cause  of  the  catarrh.    Again,  it  is  commonly  stated  that  nasal 
catarrh  is  communicable  from  person  to  person,  and  it  is  hardly  con- 
ceivable that  this  could  occur  unless  the  disease  had,  as  a  part  of  its 
cause,  some  specific  materies  morbi.    It  will  be  seen  that  the  causation 
of  nasal  catarrh  offers  many  difficulties,  and  that  no  very  settled  result 
can  be  stated. 

The  catarrh  begins  with  an  inflammatory  hypersemia  of  the  mucous 
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membrane.  This  may,  of  itself,  lead  to  swelling  so  great  as  partially 
to  obstruct  the  passages,  giving  the  feeling  of  a  -stuffed  nose." 
I  tie  inflammation  soon  passes  on  to  exudation.  This  finds  its  way 
for  the  most  part  to  the  surface,  but  in  its  passage  it  increases  the 
swelling  of  the  mucous  membrane.  The  exudation  is  the  usual  one  of 
mflammation,  namely  the  blood-plasma  with  leucocytes.  At  first  this 
IS  mixed  with  mucus,  but  as  it  increases  in  amount  it  rapidly  assumes 
a  serous  character,  and  we  know  that  a  great  abundance  of  serous  fluid 
may  be  discharged  from  the  nostrils.  As  time  goes  on  the  leucocytes 
increase  m  the  exudation,  and  it  may  assume  a  semi-purulent  character. 
Sometimes  red  corpuscles  are  present,  giving  the  discharge  a  greenish- 
yellow  colour.  As  the  inflammation  passes  off  the  mucous  character  of 
the  exudation  returns  and  the  leucocytes  diminish.  As  a  general  rule  the 
mucous  membrane  returns  to  its  normal  condition  as  the  inflammation 
subsides.  Sometimes  a  chronic  catarrh  remains,  but  this  is  seldom  the 
case  unless  there  be  some  permanent  cause  of  irritation  present.  It  is 
to  be  remembered  that  there  are  various  cavities  in  direct  communica- 
tion with  the  nares,  of  which  the  principal  are  the  frontal  sinuses  and 
the  ANTRUM  OF  HiGHMORE,  and  that  these  frequently  take  part  in  the 
acute  catarrh.  It  will  be  observed  that  in  all  stages  of  the  catarrh 
there  is  more  or  less  swelHng  of  the  mucous  membrane,  and  that  this 
leads  to  the  obstruction  of  the  passages  which  is  such  a  marked  symptom. 
This  swelling  is  temporary  in  the  acute  disease,  but  in  chronic  catarrh 
it  is  apt  to  give  way  to  a  more  permanent  thickening. 

Chronic  Nasal  Catarrh.— There  is  thickening  of  the  mucous 
membrane  and  continuous  exudation  Avhich  is  usually  more  or  less 
purulent  and  may  be  strongly  decomposing.  In  these  cases  there  is 
nearly  always  a  permanent  source  of  irritation.  It  may  be  a  foreign 
body  in  the  nose,  and  this  is  always  to  be  suspected,  especially  in 
children,  when  the  one  nostril  is  concerned.  It  is  frequently  a  scro- 
fulous (tubercular)  or  syphilitic  manifestation,  but  in  both  of  these 
conditions  it  is  frequently  associated  with  deeper  lesions. 

Chronic  catarrh  frequently  leads  to  ulceration  of  the  mucous  mem- 
brane. In  ordinary  cases  the  ulcers  are  superficial,  and  when  the  cause 
is  removed  (as  a  foreign  body)  then  the  ulcers  heal  rapidly.  In 
scrofulous  and  syphilitic  cases  the  ulceration  very  often  extends.  It 
passes  down  through  the  mucous  membrane  to  perichondrium  or  peri- 
osteum, and  we  are  apt  to  have  necrosis  or  caries  as  the  result.  In  this 
way  there  may  be  considerable  alteration  of  the  nasal  passages,  abnor- 
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mal  communications  with  the  mouth,  falhng  in  of  the  nose  and  so  on. 
When  the  bones  are  aifected  the  discharge  from  them  is  added  to  that 
from  the  mucous  membrane,  and  it  is  in  such  cases  that  a  strong  odour 
of  decomposition  is  frequently  developed  (gz^ena).  With  or  without 
ulceration  we  commonly  find  thickening  of  the  mucous  membrane  from 
the  usual  new-formation  of  connective  tissue  in  chronic  inflammation. 
In  this  way  the  nares  are  considerably  obstructed.  The  finer  ramifica- 
tions of  the  olfactory  nerve  are  injured  by  these  tissue  changes,  and 
thus  a  chronic  catarrh,  even  if  recovered  from,  often  leaves  behind  loss 
or  impairment  of  the  sense  of  smell. 

Tumours. — The  most  frequent  tumours  of  the  nares  are  the 
Mucous  Polypi,  Like  other  mucous  polypi  they  occui'  very  commonly 
as  a  result  of  chronic  catarrh,  but  they  appear  occasionally  without  any 
such  cause.  They  are  usually  in  the  form  of  rounded  j)rojections 
having  a  comparatively  narrow  base  or  neck,  the  growth  becoming 
more  pedunculated  as  it  enlarges.  They-  often  produce  much  obstruc- 
tion of  the  passages.  In  structure  some  of  them  present  simply  the 
constituents  of  the  inflamed  mucous  membrane,  connective  tissue  with 
rather  wide  serous  spaces,  and  covered  with  cylindrical  ciliated  epi- 
thelium. (If  the  epithelium  be  examined  in  fluid  immediately  after  re- 
moval, the  cihary  motion  will  be  seen.)  The  connective  tissue  is  usually 
so  infiltrated  with  serous  fluid  as  to  give  an  oedematous  appearance  to 
the  polypus,  and  sometimes  a  more  definite  cystic  formation  occurs.  In 
some  cases  there  is  in  the  tumour  great  new-formation  of  mucous  gland 
tissue,  so  that  the  growth  is  truly  a  MUCOUS  adenoma.  In  such  tum- 
ours again  cysts  may  arise  from  dilatation  of  the  glands  with  mucus. 
In  the  other  form  also  cystic  formation  may  occur  from  dilatation  of 
normal  glands  contained  in  the  tumour.  The  polypi  are  not  infre- 
quently multiple.  Papillomata  occur  in  the  nares,  and  may  be  of 
considerable  size. 

Other  tumours  are  not  common  in  the  nares,  but  fibromas  and 
SARCOMAS,  originating  mostly  in  the  periosteiun  or  perichondrium,  may 
produce  serious  obstruction  and  deformities  of  the  nasal  structures. 
The  sarcomas  especially  often  dislocate  the  nasal  bones,  and  involve  the 
neighbouring  structures  in  their  substance.  In  this  way  they  sometimes 
penetrate  into  the  antrum,  or  involve  the  hard  palate  and  alveoli. 
Cancers  rarely  occur  in  the  nares  as  primary  tumours,  but  may  involve 
them  by  extension  from  neighbouring  parts. 
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THE  LAEYNX  AND  TEACHEA. 

There  are  many  disadvantages  in  dividing  the  subject  of  diseases 
of  the  respiratory  passages,  especially  in  separating  the  lesions  of  the 
bronchi  from  those  of  the  trachea,  because  they  are  so  often  continuous. 
But  the  points  in  favour  of  such  a  division  counterbalance  its  dis- 
advantages, it  being  understood  that  the  respective  inflammatory  con- 
ditions especially  run  into  one  another. 

Malformations.— Entire  absence  of  the  larynx  and  trachea  occurs 
only  in  acephalic  monsters  which  are  incapable  of  living.  There  are, 
further,  cases  of  communication  between  the  trachea  and  (eso- 
phagus ;  generally  in  these  cases  the  pharynx  ends  in  a  cul-de-sac  and 
the  oesophagus  opens  into  the  trachea.  Then  Ave  meet  Math  cases  of 
IMPERFECT  CLOSURE  of  the  Original  branchial  arches.  All  that 
remains  is  usually  a  shght  fissure  in  the  skin,  leading  into  a  fistula 
which  has  mostly  a  blind  end,  but  sometimes  opens  by  a  small  aperture 
into  the  pharynx  or  trachea.  The  aperture  in  the  neck  is  small  and  is 
situated  about  an  inch  above  the  sterno-clavicular  articulation,  usually 
on.  one  or  both  sides,  more  rarely  in  the  middle  line.  The  aperture 
is  usually  slightly  elevated,  and  sometimes  it  yields  a  drop  of  fluid. 
Again,  individual  cartilages,  as  the  epiglottis,  or  one  or  more  of  the 
rings  of  the  trachea  may  be  absent,  or  there  may  be  one  or  more  rings 
supernumerary.  The  trachea  may  divide  into  three  main  bronchi  in- 
stead of  two,  and  in  that  case  two  stems  pass  to  the  right  lung  and  one 
to  the  left.  Occasionally  the  larynx  is  congenitally  narrow,  or  it 
may  fail  to  undergo  the  usual  changes  at  puberty,  especially  in  cases 
of  castration  before  puberty  or  of  non-descent  of  the  testes.  Lastly, 
the  trachea  has  been  observed  to  the  left  of  the  oesojDhagus  or  even 
behind  it. 

Croup  and  Diphtheria. — It  is  well  known  that  much  has  been 
written  on  the  question  whether  these  two  diseases  are  identical  or 
not.  Without  in  the  meantime  entering  on  that  subject,  it  may  be  said 
that  in  using  the  terms  here  it  is  intended  to  refer  to  the  conditions 
which  are  designated  clinically  as  croup  and  diphtheria,  and  that  the 
distinction  sometimes  made  between  croupous  and  diphtheritic  inflam- 
mation is  not  made  use  of. 

In  diphtheria  we  have  a  disease  which  is  undoubtedly  infectious, 
its  communicability  from  person  to  person  being  associated  with 
the  fact  that  it  depends  on  the  existence   of  micrococci  in  the 
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mucous  membrane.  These  organisms  have  been  found  not  only  in  the 
mucous  membrane,  but,  having  penetrated  into  the  blood,  they  have 
been  observed  in  the  blood-vessels  and  tubules  of  the  kidneys.  The 
organism  is  one  of  comparatively  large  size,  and  appears  to  be  of  an 
alHed  form  to  that  which  is  to  be  found  in  decomposing  animal  juices. 
It  occurs  in  the  form  of  multitudes  of  minute  globular  bacteria  aggregated 
into  colonies,  and  capable  of  self -propagation  in  the  tissues.  Now  this 
organism  either  in  itself  or  by  its  products  is  an  irritant  to  mucous 
membranes,  and  produces  violent  inflammations. 

The  inflammations  differ  somewhat  in  the  fauces  and  nares  on  the 
one  hand  and  the  larynx  and  trachea  on  the  other.  In  both  cases  a 
catarrh  is  the  first  sign  of  inflammation.  The  mucous  membrane  is 
hypersemic,  and  there  is  increased  mucous  secretion.  In  the  case  of  the 
FAUCES  AND  NARES  this  is  succeeded  by  the  formation  of  a  false  mem- 
brane, which  does  not  lie  free  on  the  surface  but  involves  the  superficial 
layers  of  the  mucous  membrane  as  well.  The  irritant  in  fact  has 
caused  a  partial  necrosis  of  the  mucoi^  membrane  which  by  and  by 
sloughs  and  leaves  an  ulcer.  The  necrosis  here  may  be  regarded  as  an 
instance  of  coagulation-necrosis,  the  dead  tissue  undergoing  the  change 
already  described  and  becoming  converted  into  something  like  a  fibrin- 
ous clot.  It  is  probable  that  along  with  the  coagulated  tissue  there  is 
actually  fibrine  produced  in  the  usual  way  in  the  meshes  of  the  tissue. 
The  false  membrane  is  therefore  composed  of  fibrine  and  necrosed  and 
coagulated  mucous  membrane.  When  the  slough  separates  or  is 
removed  there  is  apt  to  be  a  second  formation  of  false  membrane. 

While  this  is  the  process  in  the  fauces  and  nares,  that  in  the  larynx 
AND  TRACHEA  is  a  somewhat  different  one.  The  disease  usually  begins 
in  the  former  structui'es,  its  most  frequent  primary  seat  being  the 
fauces,  whence  it  occasionally  extends  into  the  nares,  and  more  fre- 
quently into  the  pharynx  and  larynx.  In  the  larynx,  after  the  catarrhal 
stage,  there  is  also  the  production  of  a  false  membrane,  but  this  does 
not  adhere  to  the  mucous  membrane,  nor  is  there  usually  any  necrosis. 
The  false  membrane  is  a  whitish  layer  which  is  loosely  connected  with 
the  mucous  membrane  and  is  readily  raised  by  the  accumulation  of 
mucus  under  it.  There  are  undoubted  inflammatory  changes  in  the 
mucous  membrane  in  the  form  of  infiltration  with  round  cells,  but  the 
only  actual  loss  of  substance  is  the  shedding  of  the  epithelium  of  the 
surface.  The  epithelium  always  undergoes  necrosis  before  the  forma- 
tion of  the  false  membrane. 

Differences  of  opinion  exist  as  to  the  nature  of  this  false  membrane  in 
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the  larynx  and  trachea.  By  Wagner  it  has  been  asserted  that  it  arises 
from  the  epithelium,  being  the  product  of  what  may  be  regarded  as  a 
coagulation  necrosis  of  it.  It  is  not  to  be  denied  that  the  epitheHum 
may  undergo  this  process,  but  it  does  not  seem  possible  that  this  can  be 
the  source  of  the  whole  membrane.  We  know  that  the  membrane  is 
often  removed  and  reproduced,  and  that  it  may  be  produced  in  such 
quantity  as  to  fill  up  the  larynx  completely.  The  thin  layer  of  epithe- 
lium is  quite  inadequate  to  such  a  result,  and  we  must  believe  that 
fibrine  is  actually  deposited  on  the  inflamed  surface.  The  removal  of 
the  epithelium  leaves  the  surface  incapable  of  preventing  the  disintegra- 
tion of  the  leucocytes.  The  false  membrane  is  therefore  to  be  regarded 
as  an  inflammatory  exudation,  and  in  its  histological  characters  it 
agrees  with  this.  It  consists  of  a  fibrinous  network,  often  very  coarse 
in  its  texture,  and  with  inflammatory  cells  in  various  abundance  in  it. 

Croup  is  a  name  given  to  membranous  sore  throats  in  which  the 
exudation  is  mainly  or  entirely  in  the  larynx  and  trachea.  The  name 
was  first  a^DpHed  before  the  eminently  contagious  diphtheria  was  dis- 
tinguished, and  it  was  commonly  understood  to  be  a  peculiarly  violent 
inflammation  of  the  air  passages.  There  seems  to  be  no  doubt  that, 
now-a-days  at  least,  the  great  majority  of  cases  of  croup  are  really  cases 
of  diphtheria  in  which  the  disease  is  mainly  or  entirely  in  the  larynx 
and  trachea. 

We  have  seen  that  in  the  larynx  diphtheria  produces  an  inflamma- 
tion in  which,  after  the  shedding  of  the  epithelium,  a  fibrinous  exuda- 
tion occurs.    It  is  asserted  by  some  that  the  dijihtheritic  poison  is  the 
only  agent  capable  of  producing  this  form  of  inflammation.  Looking 
at  the  matter  from  a  purely  pathological  point  of  view  apart  from 
clinical  experience,  it  certainly  seems  possible  that  other  irritants  may 
produce  similar  results.    Croup  has  been  produced  artificially  in  rabbits 
by  the  injection  of  ammonia  into  the  trachea  {Weigert).    In  these  cases 
the  irritant  first  kills  the  epithelium,  and  then  fibrine  is  deposited.  If 
croup  occurs  in  man  apart  from  diphtheria,  the  irritant  must  be  strong 
enough  to  destroy  the  surface  epithelium.    Apart  from  the  action 
of  minute  organisms,  such  an  irritant  must  be  of  rare  occurrence,  but  the 
possibility  of  its  existence  is  not  to  be  denied.    We  shall  see  afterwards 
that  in  rare  cases  we  meet  with  a  bronchial  croup  where  there  can  be  no 
question  of  diphtheria,  and  so  we  may  have  laryngeal  and  tracheal 
croup  of  a  simple  inflammatory  kind.    In  such  cases  there  will  be  no 
signs  of  general  disease,  but  all  the  symptoms  will  be  referrible  to  the 
local  inflammation  and  obstruction  of  the  larynx.    It  should  be  added 
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that  laryngeal  croup  has  been  met  with  in  small-pox,  measles,  pytemia, 
etc.,  but  here  it  is  to  be  ascribed  to  the  action  of  organisms,  as  in 
diphtheria. 

Catarrh  of  the  Larynx  and  Trachea.— We  have  seen  that 
ACUTE  CATARRH  f  orms  the  first  stage  in  croup ;  it  is  the  result  of  the 
■action  of  the  specific  poison.  Similarly  we  have  acute  catarrh  in 
measles  and  small-pox,  there  being  here  a  specific  eruption  similar 
to  that  on  the  skin,  along  with  acute  catarrh.  In  typhoid  fever  and 
other  infectious  diseases  we  may  also  have  acute  catarrh.  It  occurs 
also  as  an  independent  affection,  just  as  nasal  catarrh  does,  and  in  this 
case,  although  usually  sKght,  it  may  assume  a  very  severe  character. 
Lastly,  a  catarrh  may  be  set  up  by  the  inhalation  of  irritating  chemical 
fumes. 

There  is,  as  in  other  inflammations,  hypersemia  and  exudation.  The 
mucous  membrane  is  red  as  seen  during  life,  but  on  post-mortem 
examination  the  redness  has  usually  disapi)eared  entirely,  the  vessels 
emptying  apparently  by  the  shrinking  of  the  tissue.  The  exudation  is 
originally  mucous  in  character,  and  is  not  generally  very  abundant. 
After  a  time,  as  in  the  case  of  nasal  catarrh,  it  usually  assumes  a  more 
purulent  character.  The  swelling  of  the  mucous  membrane  is  not 
usually  great,  and  there  is  not  commonlj'-  any  serious  obstruction.  On 
the  other  hand,  in  children  a  slight  catarrh  may  bring  on  a  sudden  suf- 
focative attack  due  not  so  much  to  the  swelling  as  to  spasm  of  the 
muscles.  As  an  unusual  complication  of  acute  laryngitis  may  be  men- 
tioned oedema  glottidis,  the  condition  next  to  be  described. 

(Edema  Glottidis. — This  name  is  applied  to  a  comparatively 
sudden  oedematous  swelhng,  causing  often  a  serious  or  even  fatal 
obstruction  of  the  larynx.  The  oedema  is  in  most  cases  an  inflam- 
matory exudation,  but  it  occurs  in  Bright's  disease  as  part  of  a 
general  oedema.  It  may  be  part  of  a  simple  inflammation  of  the 
larynx,  or  from  diphtheria,  or  the  pustular  inflammation  of  small- 
pox. Or  the  inflammation  may  be  propagated  from  the  pharynx 
and  fauces,  or  from  the  inflamed  perichondrium.  The  condition  is  not 
an  oedema  of  the  mucous  membrane  itself  ;  that  would  produce  a  very 
moderate  swelling,  but  it  is  an  inflammation  and  oedema  extending  to 
the  submucous  tissue.  Now,  in  most  parts  of  the  larynx  there  is  little 
or  no  submucous  tissue,  the  mucous  membrane  being  bound  down  to  the 
perichondrium.    There  are  some  parts,  however,  where  the  tissue 
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is  looser,  and  these  are  chiefly  the  base  of  the  epiglottis,  and,  to  a  less 
extent,  the  whole  epiglottis,  the  ventricular  bands,  and  most  of  all,  the 
aryteno-epiglottic  folds.  The  epiglottis  is  swollen,  especially  at  its 
base ;  the  aryteno-epiglottic  folds  are  usually  much  tumefied,  appearing 
as  rounded  tumours  projecting  backwards  from  the  base  of  th 
epiglottis.  These  rounded  swellings  form  indeed  the  most  prominent 
appearances.  The  ligaments  passing  from  the  epiglottis  to  the  tongue 
are  also  sometimes  swollen.  Examined  from  above,  the  tumefied 
aryteno-epiglottic  folds  conceal  the  parts  beneath,  but  on  laying  open 
the  larynx  after  death  it  is  found  that  the  ventricular  bands  (false 
cords)  are  tumefied,  although  the  true  cords  are  usually  very  little 
affected.  The  oedema  may  affect  the  submucous  tissue  in  the  trachea 
for  some  distance  below  the  glottis.  If  the  swollen  parts  be  cut  into  a 
fluid  exudes,  which  is  usually  sero-purulent  and  sometimes  almost 
purulent.    Occasionally  there  is  blood  in  it. 

Chronic  Catarrh. — This  is  a  common  result  of  repeated  attacks  of 
acute  catarrh,  but  may  occur  spontaneously.  It  is  chiefly  characterized, 
like  other  chronic  inflammations,  by  new-formation  of  tissue ;  the 
mucous  membrane  is  thickened,  and  its  surface  is  irregular.  The 
increase  is  mainly  of  connective  tissue  which,  having  the  usual  char- 
acters of  that  resulting  from  inflammation,  gives  rigidity  to  the  parts. 
The  movable  structures  of  the  larynx  are  thus  rendered  more  or  less 
stiff,  and  hoarseness  is  the  result.  Not  infrequently  flat  superficial 
ulcers  or  erosions  form,  and  these  have  their  seats  most  commonly  at  the 
posterior  commissure.  The  racemose  glands  of  the  larynx  may  undergo 
special  enlargement  so  as  to  appear  as  rounded  prominences.  They 
sometimes  ulcerate,  and  so  give  rise  to  small  crater-shaped  ulcers,  which 
are  chiefly  to  be  seen  on  the  epiglottis  and  aryteno-epiglottic  ligaments. 
The  thickening  and  contraction  of  the  connective  tissue  are  sometimes  so 
great  as  to  produce  very  great  stenosis  of  the  larynx,  so  that  tracheotomy 
is  needed  to  permit  of  respiration.  Sometimes  mucous  polypi  form  on 
the  surface,  and  add  to  the  irregularity.  , 

Subglottic  Inflammation. — This  disease,  which  is  not  of  very  fre- 
quent occurrence,  is  an  inflammation  of  the  mucous  membrane  beneatli 
the  glottis.  It  may  be  acute  in  its  onset  but  it  generally  passes  into  a 
chronic  stage.  It  has  been  observed  as  a  sequel  to  erysipelas  and 
typhus  fever,  and  may  have  origin  apparently  in  inflammation  of  the 
perichondrium.    In  acute  cases  there  may  be  considerable  oedematous 
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swelling.  In  the  chronic  form  there  is  thickening  of  the  mucous  mem- 
brane as  in  ordinary  chronic  laryngitis.  The  inflammation  is  often  just 
beneath  the  cords  and  so  may  produce  fixation  of  them,  but  it  may 
occur  further  down,  and  is  not  infrequently  in  patches  interrupted  by 
normal  mucous  membrane. 

Inflammation  of  the  Perichondrium. — This  disease  is  rarely  a 
primary  one,  being  induced  chiefly  by  syphilitic  and  tubercular  inflam- 
mations, especially  when  there  is  deep  ulceration  extending  down  to  the 
perichondrium.  It  occurs  occasionally  as  a  sequel  of  typhoid  and 
also  probably  of  typhus  fever.  It  has  usually  a  somewhat  chronic 
course,  but  may  be  acute,  and  in  either  case  it  ends  in  the  formation  of 
pus  under  the  perichondrium.  The  pus  accumulating  under  the  peri- 
chondrium cuts  off  the  cartilage  from  its  source  of  nutrition,  and  just  as 
in  periostitis,  this  is  usually  followed  by  necrosis  of  the  cartilage.  The 
destruction  of  the  cartilage  may  be  a  slow  process  and  there  may  be  a  kind 
of  caries  followed  by  necrosis.  The  diseaseris  generally  confined  to  one 
cartilage  at  the  outset,  the  cricoid  being  most  frequently  attacked,  but 
it  may  extend  to  others.  When  suppuration  has  occurred  the  inflam- 
mation spreads  to  structures  around,  and  we  may  have  burrowing  of  the 
pus  under  the  mucous  membrane  for  some  distance,  or  even  outside  the 
larynx  among  the  structures  of  the  neck. 

The  pus  after  a  time  obtains  an  exit,  usually  by  perforating  the 
mucous  membrane,  hut  sometimes  it  finds  its  way  to  the  surface  of  the 
body.  The  necrosed  cartilage  is,  by  degrees,  separated  from  the  living 
and  not  infrequently  it  finds  exit  by  the  fistula  which  the  pus  has 
formed.  It  is  usually  discharged  into  the  larynx,  and  cases  have 
occurred  in  which  the  dead  piece  of  cartilage  has  obstructed  the  glottis. 
Or,  after  being  discharged  into  the  larynx  it  may  drop  down  into  the 
trachea  or  bronchi  to  be  afterwards  coughed  up.  On  the  other  hand 
it  is  sometimes  discharged  through  the  skin.  In  connection  with  these 
processes  and  often  with  the  primary  disease,  there  is  usually  great 
thickening  and  deformity  of  the  larynx.  If  the  patient  survive  the 
discharge  of  the  cartilage,  its  loss  leads  to  still  greater  deformity.  The 
larynx  may  collapse,  or,  by  a  more  chronic  process,  the  inflammation 
may  cause  great  contraction  and  obstruction  of  the  larynx.  When  the 
cartilage  is  discharged  it  is  generally  found  calcified  or  ossified,  and  it 
may  be  a  question  how  far  the  calcification  preceded  the  inflammation. 
Dietrich  has  suggested  that,  in  the  case  of  the  cricoid,  ossification  may 
sometimes  be  the  primary  condition,  and  that  the  inflammation  may  be 


500  DISEASES  OF  THE  ORGANS  OF  RESPIRATION. 

induced  by  the  pressure  of  the  hardened  cartilage  against  the  vertebral  ^ 
column.  1 


Syphilis.— This  disease  produces  very  frequent  and  sometimes  very 
serious  lesions  in  the  larynx.  These  lesions  are  almost  entirely  inflam- 
matory, and  they  vary  from  a  slight  catarrh  to  a  prolonged  inflamma- 
tion accompanied  by  great  thickening  with  stenosis  and  deep  ulceration. 
The  slighter  inflammations  are  earlier  manifestations  of  syphilis,  and 
like  these  in  general  they  may  entirely  disappear.  Those  occurring 
later  on  are  usually  prolonged  and  slow  in  their  progress.  The  mucous 
membrane  and  submucous  tissue  are  infiltrated  and  thickened,  ulcers 
develop,  first  as  a  general  rule  in  the  epiglottis,  but  they  are  prone  to 
extend  deeply  and  widely  so  as  to  destroy  large  portions  of  the  epi- 
glottis or  the  whole  of  it.  We  have  already  seen  that  the  ulceration 
may  lead  to  perichondritis  and  necrosis  of  the  cartilage  with  still 
mder  results.  With  all  this  there  is  great  new-formation  of  connec- 
tive tissue  with  corresponding  deformity,  and  if  the  ulcers  heal  the 
contraction  of  the  cicatricial  tissue  leads  to  great  deformity  and  not 
infrequently  to  such  obstruction  of  the  glottis  as  to  require  trache- 
otomy. These  inflammatory  manifestations  are  not  usually  associated 
with  the  formation  of  proper  gummata,  although  the  granulation  tissue 
may  be  produced  at  first  in  small  nodules  and  is  hardly  of  normal  char- 
acter, partaking  of  the  tendency  to  regressive  changes  which  the  gum- 
mata show.  Sometimes  with  the  slighter  inflammations  there  may  be 
polypoid  projections  consisting  of  thickened  mucous  membrane  and 
epithelium,  forming  the  so-called  condylomata. 

Laryngeal  Phthisis. — This  is  nearly  always  secondary  to  pulmonary 
phthisis,  and  is  a  true  tubercular  disease.  It  is  not  impossible  that  the 
tubercular  virus  may  attack  the  laryngeal  mucous  membrane  primarily, 
or  it  may  attack  it  simultaneously  with  the  lung,  but  as  a  matter  of 
fact  the  lung  is  in  almost  every  case  diseased,  and  the  probability  is 
that  in  most  cases  the  virus  is  carried  from  the  diseased  lung  in  the 
sputum.  There  are  some  cases  in  which  the  laryngeal  symptoms  are 
more  pronounced  than  the  pulmonary,  and  clinical  observers  describe  T 
them  as  cases  of  laryngeal  rather  than  of  pulmonary  phthisis.  The 
larynx  has  been  found  affected  in  about  30  per  cent,  of  cases  of  pul- 
monary phthisis  examined  after  death. 

In  cases  of  phthisis  jjulmonalis  the  mucous  membrane  is  frequently 
pale  from  ansemia,  but  although  this  may  be  important  as  showing  a 
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tendency  to  laryngeal  disease  it  is  not  to  be  regarded  as  really  due  to 
existing  tuberculosis,  especially  as  it  occurs  in  ordinary  anaemias.  The 
first  result  of  the  actual  tubercular  disease  is  thickening  of  the 
mucous  membrane.  This  is  due  to  chronic  inflammation,  and  is 
caused  chiefly  by  exudation  of  serous  fluid  and  inflammatory  cells 
vnth  tubercles,  so  that  it  is  mainly  an  oedematous  thickening.  It 
is  most  marked  in  the  epiglottis  and  aryteno-epiglottic  folds,  these 
latter  often  showing  themselves  as  rounded  prominences.  In  this  stage 
microscopic  examination  shows  the  presence  of  tubercles  with  their 
characteristic  structure  along  with  inflammatory  cells.  The  tubercles 
are  in  the  mucous  membrane  and  the  submucous  tissue,  the  epithelium 
being  as  yet  intact. 

To  the  thickening  succeeds  ulceration,  the  ulcers  being  at  first  small 
and  superficial.  These  ulcers  result  from  the  caseation  and  softening 
of  superficial  tubercles.  By  coalescence  larger  ulcers  form  out  of  the 
smaller  ones,  and  there  is  a  continual  tendency  to  spreading.  As  a  rule 
there  are  many  ulcers,  and  between  thehi'is  thickened  mucous  mem- 
brane which  at  the  borders  of  the  ulcers  sometimes  presents  irregular 
projections  like  papillary  outgrowths.  The  ulcers  are  at  first  super- 
ficial, but  as  the  disease  progresses  considerable  destruction  of  tissue 
may  result.  The  vocal  cords  are  not  infrequently  destroyed,  and  so 
there  is  loss  of  voice,  but  the  voice  may  be  lost  from  the  rigidity  of  the 
structures  caused  by  thickening  from  chronic  inflammation.  Again, 
perichondritis  not  infrequently  follows,  with  suppuration,  and  this 
causes  still  further  inflammatory  manifestations. 

Ulceration  not  uncommonly  exists  in  the  trachea  and  bronchi  as 
well  as  in  the  larynx.  There  are  many  ulcers,  and  it  is  not  uncommon 
to  find  the  cartilaginous  rings  of  the  trachea  extensively  exposed.  With 
these  ulcerations  of  the  trachea  there  will  be  swelling  of  the  remaining 
mucous  membrane  and  sometimes  a  perichondritis  with  necrosis. 

The  lymphatic  glands  in  the  neck  are  aff'ected  secondarily  to  the 
larynx,  they  are  the  seat  of  scrofulous  processes  such  as  we  have  already 
<lescribed,  and  their  enlargment  may,  in  some  cases,  aid  in  the  exact 
<liagnosis  of  the  disease  in  the  larynx. 

Tumours. — The  most  frequent  form  of  tumour  of  the  larynx  is  the 
Papilloma.  This  tumour  is  often  preceded  by  catarrhal  conditions, 
and  is  particularly  common  in  persons  who,  from  the  nature  of  their 
profession,  use  the  voice  frequently.  But  it  often  occurs  without  either 
of  these  predisposing  conditions.    The  tumours  most  frequently  grow 
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from  the  vocal  cords,  where  the  epithehum  is  flat.  Theyj^consist,  hke 
other  papillomas,  of  a  basis  of  connective  tissue  forming  numerous, 
conical  projections  covered  with  epithelium  (see  Fig.  223).    The  epi- 


Fig.  223.— Papilloma  of  larynx,  e,  e,  greatly  thickened  epithelium  ;  h,  connec- 
tive tissue ;  jr,  mucous  glands  ;  /,  a  gland  at  base  of  tumour  atroiihied  by  its 
pressure.    x20.    (Cobnil  and  Ranvibr.) 


thelium  may  be  thick,  and  the  connective  tissue  dense,  so  that  the 
tumour  is  like  a  hard  wart,  or  the  epithelium  may  be  thin  and  the 
connective  tissue  soft,  sometimes  richly  infiltrated  with  round  cells, 
and  so  the  growth  is  soft  like  a  soft  wart  or  condyloma.  The 
growth  may  occupy  a  small  surface  of  the  cord,  being  partially  peduncu- 
lated, but  it  often  has  a  considerable  base,  forming  a  shaggy,  irregular 
outgrowth.  Sometimes,  after  extirpation,  these  tumours  take  on  a. 
sarcomatous  character,  or  even  develop  a  cancerous  growth. 

A  kind  of  false  papilloma  occurs,  as  we  have  already  seen,  in  some- 
cases  of  tubercular  or  syphilitic  ulceration  of  the  larynx.  Sometimes 
also,  the  surface  of  an  epithelioma  has  a  pai^illary  character. 

Next  to  the  papillomas  the  riBROMAS  are  the  commonest  tumours  in' 
the  larynx.  Morell  Mackenzie  has  found  in  one  hundred  cases  of  non- 
malignant  tumours,  sixty-seven  jDapillomas  and  sixteen  fibromas.  They 
are  tumours  of  slow  growth,  mostly  seated  on  the  cords  or  at  the  base  o 
the  epiglottis.  They  consist  of  firm  or  soft  connective  tissue,  those  of 
firm  consistence  being  the  commoner.  They  are  usually  more  or  less- 
pedunculated,  and  their  surface  is  generally  smooth,  although  it  may  be 
irregular  or  even  furnished  with  papillae.  They  are  usually  small 
tumours  from  the  size  of  a  split  pea  to  that  of  an  acorn. 
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Mucous  Polypi  occasionally  occur,  taking  origin  in  the  mucous 
glands.  They  very  commonly  undergo  transformation  into  cysts,  and 
their  most  frequent  seats  are  the  epiglottis  and  the  ventricles  of 
Morgagni. 

Other  forms  of  simple  tumours  are  uncommon,  but  cases  of  LIPOMA, 
MYXOMA,  and  ANGIOMA  have  been  met  with.  Cartilaginous  tumours 
■formed  by  outgrowth  from  the  normal  cartilages  have  been  found. 
They  are  usually  multiple  and  sessile.  They  may  project  considerably 
into  the  larynx,  and  being  covered  with  mucous  membrane  may  be  mis- 
taken for  one  of  the  commoner  tumours  mentioned  above.  As  these 
tumours  are  firmly  connected  with  the  cartilage  beneath,  they  cannot 
be  removed  by  forceps,  and  so  it  is  important  to  distinguish  them 
from  the  others. 

Sarcomas  of  the  larynx  are  of  occasional  occurrence.  They  are 
usually  of  the  spindle-celled  form,  but  may  be  round-celled.  They  may 
grow  to  a  considerable  size,  and  are,  of  course,  prone  to  recur  unless 
the  whole  larynx  be  removed  along  with  the  tumour. 

Cancer  of  the  larynx  develops  in  the  form  of  Hat-celled  epithelioma. 
It  is  not  infrequently  a  primary  tumour,  growing  usually  from  the 
ventricular  bands,  but  also  originating  in  other  parts.  An  epithelioma 
may  also  extend  from  a  neighbouring  part,  particularly  from  the  tongue. 
There  is  first  an  infiltration  of  a  limited  part  which  extends  in  area, 
involving  more  and  more  in  an  indiscriminate  advance.  Very  commonly 
there  is  an  abundant  papillary  growth  on  the  surface  so  that  there 
is  a  resemblance  to  the  cauliflower  cancer  or  to  the  papilloma.  The 
central  parts  of  the  growth  undergo  ulceration  while  the  disease  is 
extending  circumferentially.  In  this  way  great  destruction  of  tissue 
may  result,  and  the  parts  present  great  deformil^y. 

Tumours  are  of  very  rare  occurrence  in  the  trachea,  but  we  may 
have  similar  growths  to  those  in  the  larynx. 


THE  BEONCHIAL  TUBES. 

The  diseases  of  the  bronchi  stand  in  close  relation  on  the  one  hand 
to  those  of  the  larynx  and  trachea,  and  on  the  other  to  those  of  the 
lungs,  and  it  is  impossible  to  draw  an  absolute  line  of  distinction  on 
either  side.  The  affections  of  the  larger  and  middle  bronchi  are 
essentially  like  those  of  the  larynx  and  trachea,  and  this  is  consistent 
with  the  fact  that  in  structure  they  are  similar.  As  we  pass  down  the 
bronchial  tree,  however,  the  structure  changes  considerably.    The  car- 
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tilaginous  plates  become  irregular  and  smaller,  and  finally  disappear ; 
the  elastic  tissue  becomes  more  completely  incorporated  with  the 
mucous  membrane,  so  as  to  form  a  single  layer  which  becomes  thinner 
as  the  tube  diminishes  in  calibre;  the  bronchial  glands  altogether 
disappear  in  the  finer  tubes.  The  bronchial  tube  thus  becomes  more 
simple  in  structure,  and  approximates  to  that  of  the  lung  alveoli.  So  it 
happens  that  in  their  diseases  the  finer  bronchi  are  more  allied  to  the 
lungs,  and  are  often  involved  with  them.  We  shall  afterwards  see  that 
in  acute  catarrhal  inflammation  of  the  lung  the  disease  often  begins  in  a 
capillary  bronchitis,  and  is  sometimes  described  under  that  name. 

Bronchiectasis.— By  this  name  is  meant  dilatation  of  bronchial 
tubes,  a  condition  of  somewhat  frequent  occurrence,  but  depending  on 
a  considerable  variety  of  circumstances.  The  normal  bronchial  tube 
offers  resistance  to  the  dilating  force  of  the  air,  chiefly  by  virtue 
of  its  elastic  or  dense  walls,  and  the  support  which  it  receives  from 
the  pulmonary  tissue  around.  If  the  walls  be  weakened  or  the  support 
of  the  pulmonary  parenchyma  withdrawn,  or  if  the  distensile  force  of 
the  air  or  other  contents  be  considerably  increased,  then  we  may  have 
bronchiectasis.  It  will  be  seen  that  one  or  other  of  these  predisposing 
conditions  may  occur  under  very  various  circumstances.  A  prolonged 
catarrh  may  cause  atrophy  of  the  elastic  tissue  of  the  bronchial  wall,  and 
so  reduce  the  resistance.  On  the  other  hand,  obliteration  of  the  finer 
bronchi  and  lung  alveoli  in  a  district  will  cause  the  pressure  of  the 
air  in  inspiration  to  act  especially  on  the  bronchial  tubes,  the  dilata- 
tion being  here  similar  in  its  origin  to  compensator}^  emphysema. 
Lastly,  we  may  have  the  bronchi  dilated  from  accumulation  of 
secretion.  This  will  'occur  chiefly  when  a  small  bronchus  has  been 
obstructed,  and  the  condition  may  be  compared  to  a  retention  cyst. 

The  various  forms  of  bronchiectasis  may  be  divided  into  two, 
namely,  cylindrical  and  sacculated  dilatations.  The  former  occurs 
mainly  where  the  causal  condition  has  been  more  or  less  of  a  general 
one,  such  as  a  prolonged  bronchitis.  The  bronchi,  especially  the 
middle-sized  ones,  are  unduly  wide,  and  their  walls  are  thinned.  The 
dilatation  may  be  quite  regular,  but  very  often  there  are  little 
bulgings  or  pouches.  In  the  sacculated  form  there  has  usually  been 
a  more  local  agent  at  work.  The  most  typical  sacculated  dilatations 
are  found  in  fibroid  j)hthisis,  under  which  heading  they  will  be  treated 
of  more  fully.  They  may  be  jjroduced  also  by  any  cause  which  induces 
shrinking  of  the  lung  tissue.    The  wall  of  the  bronchus  is  thinned,  but 
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it  still  presents  a  distinct  membrane  lining  the  sac.  When  cavities  in 
the  lung  have  a  distinct  lining  membrane,  they  are  generally  of  this 
origin,  and  they  are  especially  so  when  the  membrane  is  surrounded  by 
lung  tissue  which  approaches  to  the  normal  condition.  As  the  secre- 
tion stagnates  in  the  sacculated  dilatation,  and  may  decompose,  there 
may  be  ulceration  of  its  internal  wall. 

Bronchial  Catarrh  or  Ordinary  Bronchitis.  This  is  an  in- 
flammation affecting  the  larger  and  middle-sized  tubes,  but  not  extend- 
ing to  any  considerable  degree  into  the  finer  ones.  As  to  the  conditions 
giving  rise  to  it,  much  that  has  been  said  under  nasal  catarrh  is  again 
applicable  here.  It  is  to  be  added,  however,  that  in  many  persons 
there  is  a  special  proclivity  to  recurrent  attacks  of  bronchitis.  This 
may  be  due  to  an  inherited  weakness  in  this  direction,  but  is  perhaps 
more  frequently  occasioned  by  an  acute  bronchitis  which  has  left  the 
bronchi  considerably  altered  in  structure,  has  rendered  them,  in  fact, 
the  least  resistant  part  of  the  body.  K  such  persons  cold  may  set 
up  a  bronchitis,  or  it  may  be  set  up  by  disorder  of  the  stomach,  or 
by  some  other  trivial  cause.  Valvular  disease  of  the  heart  frequently 
gives  rise  to  bronchitis,  but  we  shall  consider  this  when  the  results  of 
cardiac  disease  in  regard  to  the  lung  are  under  review. 

In  the  slighter  forms  of  bronchitis  the  larger  bronchi  and  the  trachea 
are  mainly  affected.  In  fact,  it  frequently  happens  that  along  with  a 
slight  laryngitis  there  is  a  tracheitis  and  a  bronchitis  of  the  larger  stems, 
without  the  name  bronchitis  being  given.  In  the  more  definite  cases  of 
bronchial  catarrh  it  is  the  middle-sized  tubes  that  are  chiefly  involved. 

In  order  to  appreciate  the  changes  which  occur  in  bronchitis  it  is 
necessary  to  refer  to  some  points  in  the  structure  of  the  tubes.  The 
mucous  membrane  is  covered  with  epithelium  whose  superficial  layer  is 
cylindrical  and  ciliated.  Beneath  the  epithelium  there  is  a  basement 
membrane  which  is  separate  from  the  proper  mucosa  under  it.  The 
mucosa  is  composed  of  connective  tissue  and  presents  externally  a 
muscular  layer,  chiefly  of  circular  fibres,  but  with  some  longitudinal 
ones.  Outside  this  we  have  the  sub-mucosa  or  adventitia  which  is 
continuous  with  and  really  forms  a  part  of  the  general  interstitial  con- 
nective tissue  of  the  lung.  In  this  loose  adventitia  the  cartilages  are 
embedded,  and  there  are  abundant  serous  and  lymphatic  spaces,  which 
are  in  communication  with  those  throughout  the  lung,  the  perivascular 
and  others. 

According  to  the  careful  description  of  Hamilton  acute  bronchitis  is 
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accompanied  first  by  great  congestion,  chiefly  of  the  vessels  in  the 
proper  mucosa.  CEdema  of  the  basement  membrane  follows,  and  this 
structure  becomes  greatly  thickened.  The  superficial  layer  of  columnar 
epithelium  is  shed,  but  vigorous  germination  of  the  deeper  layers 
occurs,  abundant  embryonic  cells  being  produced.  At  the  same  time 
there  is  great  infiltration  of  the  mucosa,  muscular  layer,  and  adventitia, 
with  round  cells  of  inflammation.  This  infiltration  may  be  very  great, 
and  as  the  adventitia  communicates  with  the  general  interstitial  tissue 
of  the  lungs,  there  may  be  a  wide  distribution  of  these  cells,  which  pass 
on  by  the  lymphatic  channels  to  the  lymphatic  glands. 

If  the  disease  becomes  chronic  the  inflammatory  infiltration  of  the 
layers  beneath  the  basement  membrane  continues,  and  there  is  the 
usual  new-formation  of  connective  tissue  producing  an  induration  of  the 
tissue.  As  in  other  productive  inflammations  the  new-formed  tissue 
often  causes  atrophy  of  the  proper  structures.  In  many  cases  the 
muscular  coat  is  to  some  extent  atrophied  although  sometimes  it  is 
hypertrophied.  The  mucous  glands  are  often  considerably  destroyed, 
and  even  the  cartilages  may  be  partially  atrophied.  These  alterations 
in  the  walls  of  the  tubes  no  doubt  weaken  them,  and  as  they  occur 
especially  in  long  continued  cases  of  bronchitis,  we  can  understand  how 
in  such  cases  the  bronchial  tubes  sometimes  undergo  dilatation.  Dilata- 
tion of  bronchial  tubes  is  not  however  a  very  prominent  feature  of  ordi- 
nary bronchitis. 

The  EXUDATION  in  bronchitis  is  important  as  it  forms  the  sputum, 
and  gives  its  characters  to  the  latter.  In  the  normal  condition  the 
mucous  glands  secrete  enough  mucus  to  keep  the  membrane  moist,  the 
secretion  consisting  of  a  glairy  fluid  containing  a  few  leucocytes  which 
are  here  called  mucus  corpuscles.  The  fluid  owes  its  glairy  or  sticky 
character  to  the  fact  that  it  contains  mucin,  a  chemical  substance  allied 
to  albumen  and  secreted  by  the  mucous  glands.  This  normal  secretion 
catches  and  holds  the  minute  particles  forming  the  dust  which  we 
inhale  with  the  air,  and  the  vibratile  cilia  of  the  epithelium  acting 
towards  the  outlets  carry  mucus  and  dust  outwards,  to  be  swallowed  or 
expectorated.  In  bronchitis  there  is  at  first  very  Kttle  increase  of  the 
secretion,  and  what  there  is  is  chiefly  concentrated  mucus,  tough  and 
scanty.  As  the  disease  progresses  it  becomes  more  abundant  but  less 
tough  and  less  transparent,  and  this  is  brought  about  by  the  increase  of 
the  inflammatory  exudation  consisting  of  serous  fluid  and  inflammatory 
cells.    The  degree  of  toughness  depends  on  the  proportion  of  mucin, 
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and  the  degree  of  opacity  on  the  quantity  of  cells.  As  the  disease 
advances  the  leucocytes  go  on  increasing,  and  so  the  fluid  on  the 
surface  of  the  mucous  membrane  becomes  more  and  more  opaque. 

The  SPUTUM  COCTUM,  or  ripe  sputum  met  with  at  the  acme  of  the 
disease,  is  yellowish  white  or  greenish  and  opaque.  It  is  not  homogeneous, 
but  has  more  opaque  and  less  opaque  portions  according  as  it  has  got 
mixed  and  coated  with  mucus  from  less  affected  parts  of  the  tubes. 
The  sputum  as  seen  in  a  vessel  appears  at  first  sight  like  pus,  but 
it  is  much  more  tenacious.  Under  the  microscope  it  also  resembles 
pus,  the  field  being  crowded  with  multitudes  of  leucocytes.  But  the 
tenacity  of  the  fluid  is  often  shown  by  the  manner  in  which  the 
plastic  leucocytes  are  altered  in  shape,  being  drawn  out  into  oval 
or  more  elongated  forms  according  as  the  tough  mucus  is  drawn  out. 
On  adding  acetic  acid  the  usual  development  of  nuclei  occurs  in  the 
cells,  and  the  intermediate  fluid  becomes  markedly  opaque  from  the 
precipitation  of  the  mucin  which  can  be  seen  now  in  fine  granules. 
With  acetic  acid  the  sputum  assumes'"'"to  the  naked  eye  a  whitish 
opacjue,  and  almost  membranous  character. 

In  chronic  bronchitis  the  sputum  is  often  very  abundant,  and  is 
usually  sero-mucous  with  comparatively  few  leucocytes,  and  hence 
transparent.  There  is  a  comparatively  rich  serous  exudation  with  very 
little  increase  in  the  secretion  of  mucus.  The  sputum  is  not  so  tough 
as  in  more  acute  cases,  and  is  often  very  frothy.  In  some  very  chronic 
cases  there  is  a  very  abundant  cellular  exudation — the  sputum  is 
almost  like  pus  and  has  not  the  toughness  of  the  sputum  coctum. 
Large  quantities  of  pus  may  thus  be  expectorated.  In  these  cases  it 
may  be  supposed  that  leucocytes  are  present  in  the  walls  and  outside 
the  bronchi  as  well  as  in  the  expectoration,  and  it  is  in  them  that  we 
may  look  especially  for  dilatation  of  the  tubes. 

Fibrinous  Bronchitis.  This  name,  as  well  as  that  of  plastic 
BRONCHITIS  or  BRONCHIAL  CROUP,  is  given  to  a  condition  of  very  rare 
occurrence  and  of  rather  obscure  pathology,  but  yet  of  great  interest. 
We  have  seen  that  in  laryngeal  and  tracheal  croup  the  fibrinous 
exudation  sometimes  extends  down  into  the  bronchial  tubes,  and  that 
casts  of  these  are  formed  occasionally.  Taking  the  other  end  of 
the  bronchial  tree  we  find  that  in  acute  pneumonia  the  fibrinous 
exudation  which  forms  in  the  lung  alveoli  commonly  extends  some 
distance  into  the  finer  bronchi,  and  so  we  find  casts  in  them.  But 
there  are  cases  in  which  fibrinous  casts  form  in  the  bronchial  tubes 


508 


DISEASES  OF  THE  ORGANS  OF  RESPIRATION. 


independently,  without  any  disease  of  the  trachea  on  the  one  hand  or  of 
the  lung  proper  on  the  other.  These  cases  are  somewhat  chronic 
m  character,  and  the  expectoration  of  casts  occurs  at  intervals  during 
months  or  even  years.  The  casts  are  of  a  whitish  grey  colour  and 
represent  the  bronchi  of,  it  may  be,  a  single  lobe,  with  their  ramifications, 
as  we  can  see  very  beautifully  by  floating  them  out  in  water.  Some- 
times the  fine  ends  of  the  casts  are  swollen  out  as  if  they  had  come  from 
the  alveoli.  The  casts  sometimes  present  on  section  a  stratified 
arrangement  as  if  the  fibrine  had  been  deposited  in  layers.  They 
show  under  the  microscope  fibrine  with  leucocytes. 

The  exact  pathology  and  the  source  of  this  exudation  are  somewhat 
obscure.  In  some  cases  where  death  has  occurred  shortly  after  the 
expectoration  of  the  casts,  or  where  they  have  been  found  in  situ,  there 
has  been  little  perceptible  alteration  of  the  mucous  membrane.  This 
has  led  some  to  suppose  that  the  fibrine  comes  from  the  lung  alveoh, 
and  in  many  cases  the  lung  tissue  is  considerably  altered,  for  there  may 
be  phthisis,  or  pneumonia,  or  collapse.  But  it  is  not  apparent  to  what 
■extent  these  may  be  secondary  to  the  bronchitis.  A  possible  indication 
of  the  pathology  may  be  aflPorded  by  the  fact  that  in  a  considerable 
proportion  of  the  cases  there  has  been  heemorrhage  from  the  lungs. 


B.— THE  LUNGS. 


In  examining  the  lungs  after  death  we  seldom  meet  with  them  in  a 
perfectly  normal  condition.  They  may  be  abnormally  adherent  to  the 
wall  of  the  thorax,  or  unduly  pigmented,  or  there  may  be  cicatrices 
in  them,  or  oedema,  and  so  on.  The  explanation  of  this  is  perhaps 
that  the  lungs  are  peculiarly  exposed  to  deleterious  influences  in  two 
directions.  The  air  passing  into  them  is  apt  to  carry  irritating  materials 
with  it,  and  the  blood  circulating  so  richly  through  their  tissue  is  liable 
to  variations  in  its  constitution  and  degree  of  pressure.  We  have 
already  seen,  for  instance,  that  organic  disease  of  the  heart  has  serious 
effects  on  the  pulmonary  circulation,  but  apart  from  that,  simple  weak- 
ness of  the  heart  may,  as  we  shall  afterwards  see,  have  important 
eff'ects  on  the  lung.  It  must  not  be  forgotten  also  that  there  is  no 
organ  of  the  body  whose  tissue  is  so  intimately  related  to  its  blood- 
vessels as  the  lungs.    These  organs  are  little  more  than  a  congeries  of 
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blood-vessels  with  a  sufficient  supporting  stroma.  Any  deleterious  sub- 
stance circulating  in  the  blood,  therefore,  is  very  prone  to  affect  the 
lungs,  especially  if  there  be  any  special  weakness  in  this  direction. 
We  have  abundant  illustration  of  this  in  the  frequency  of  lung  com- 
plications in  the  acute  fevers. 

There  are  one  or  two  points  in  the  anatomical  relations  of  the  lung 
which  should  be  kept  in  mind.  It  is  sujDplied  with  two  different  sets 
of  blood-vessels,  the  pulmonary  artery  on  the  one  hand,  and  the  bronchial 
artery  on  the  other.  We  should  remember  the  distribution  of  these,  and 
not  confuse  effects  due  to  obstruction  of  the  one  with  those  due  to  ob- 
struction of  the  other.  Then  we  speak  of  diseases  affecting  the  respir- 
atory surface  on  the  one  hand,  and  the  supporting  structures  on  the  other; 
that  is  to  say,  there  are  some  diseases  which  affect  the  surfaces  of  the  finer 
bronchi  and  of  the  alveoli,  while  others  involve  the  walls  of  the  alveoli 
and  of  the  bronchi.  It  is  true  that  these  two  are  generally  involved 
together,  but  in  different  cases  the  one  or  the  other  is  primarily  con- 
cerned, and  usually  retains  the  lead.  Wis  obvious  that  to  a  certain 
extent  the  determining  cause  of  the  disease  will  have  something  to  do 
with  this.  An  agent  which  acts  by  being  carried  into  the  lungs  with 
the  air  will  mostly  affect  the  surface  of  the  alveoli  and  bronchi  in  the 
first  place,  whereas  an  agent  arriving  by  the  blood  will  be  more  apt  to 
attack  the  walls.  We  shall  see,  however,  that  to  this  there  are  import- 
ant exceptions,  because,  on  the  one  hand,  the  capillary  vessels  have  such 
a  close  relation  to  the  surface  of  the  alveoli,  and,  on  the  other  hand,  sub- 
stances arriving  from  without  very  readily  penetrate  into  the  substance 
of  the  lung.  A  more  important  consideration  arising  from  the  anatomi- 
cal relations  has  reference  to  the  distribution  of  a  lesion  in  larger  or 
smaller  districts  of  the  lung.  When  a  disease  is  caused  by  something 
arriving  by  the  blood  then  we  should  expect  it  to  be  distributed  over 
a  large  extent  of  lung  tissue  or  over  the  whole ;  the  disease  will  occupy 
whole  lobes.  If  it  arrives  by  the  bronchial  tubes,  we  should  expect  it 
to  extend  to  the  proper  lung  tissue  more  irregularly,  here  and  there  an 
extension  corresponding  with  a  particular  minute  bronchus  ;  the  disease 
at  first  involves  lobules.  In  this  way  we  may  distinguish  roughly 
diseases  which  are  lobar  as  due  to  alterations  in  the  blood,  and  those 
that  are  lobular  as  related  to  the  bronchial  stem. 
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MALFOEMATIONS  OF  THE  LUNG. 

These  are  not  frequent,  and  are  of  minor  importance.  Apart  from 
absence  or  exceeding  smallness  of  one  or  both  lungs,  which  occurs  as 
part  of  general  malformations,  there  are  cases  where  single  lobes  have 
been  wanting,  and  their  place  taken  by  cicatricial  tissue.  These  have 
probably  their  origin  in  obliteration  of  a  bronchus  in  early  foetal 
life.  Again,  the  lungs  may  be  normal  in  form,  but  very  small  in  size. 
In  such  cases  the  whole  body,  and  especially  the  circulatory  system, 
will  remain  ill-developed. 

It  is  not  uncommon  to  meet  with  abnormal  lobulation  of  the  lungs, 
the  regular  lobes  being  divided  by  the  formation  of  deep  fissures. 
Rokitansky  has  described  a  case  in  which  an  accessory  lobe  existed 
between  the  base  of  the  left  lung  and  the  diaphragm,  and  quite  separate 
from  the  lung.    It  had  no  bronchus,  however. 


ATELECTASIS  AND  COLLAPSE  OF  THE  LUNG. 

These  names  designate  conditions  in  Avhich  the  lung  alveoH  and  finer 
bronchi  contain  no  air,  but  are  in  a  condition  similar  to  that  of  the 
foetal  lung  before  inflation,  the  internal  surfaces  of  the  alveoh  being 
applied  to  each  other.  It  may  be  a  survival  of  the  foetal  state, 
or  it  may  be  subsequently  produced  by  the  alveoli  being,  in 
some  way,  emptied  of  their  air.  As  this  condition  occurs  under  a 
considerable  variety  of  circumstances  we  shall  give  no  general  descrip- 
tion, but  refer  to  the  individual  forms. 

Atelectasis  is  frequently  found  in  new-born  children,  being,  in- 
deed, a  survival  of  the  foetal  state.  The  lungs  have  to  a  greater  or 
less  extent  remained  uninflated.  The  non-inflation  may  be  due  to  some 
obstruction  in  the  bronchi,  by  meconium  or  mucus,  but  in  most  cases 
it  is  merely  due  to  the  weakness  of  the  respiratory  efforts.  The  new- 
born child  usually  cries  lustily,  and  in  the  deep  inspiratory  gasps 
between  the  cries  the  lungs  are  fully  inflated.  But  if  the  child  be  weak 
or  has  not  cried  freely,  certain  parts  of  the  lungs  are  apt  to  remain 
devoid  of  air.  The  atelectasis  of  the  new-born  is  most  frequent  in  the 
lower  lobe,  and  in  the  posterior  parts  of  this  lobe.  It  may  be  only  in 
small  areas  in  the  midst  of  the  inflated  lung  tissue,  or  the  greater  part 
of  a  lobe  or  the  whole  lobe  may  be  aff'ected.  In  any  case  the  non- 
inflated  plrt  usually  shows  by  its  shape  that  it  is  the  district  supphed 
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by  one  or  more  bronchi.  The  atelectasis  shows  itself  by  the  smaller 
volume  of  the  part.  If  it  is  in  the  midst  of  inflated  lung  it  is  depressed 
below  the  surface.  Like  the  foetal  lung,  it  is  redder  than  the  normal, 
firmer  to  the  touch,  and  non-crepitant  when  handled.  It  is  important 
to  distinguish  this  condition  from  condensation  of  the  lung,  for  which 
it  is  liable  to  be  mistaken.  In  both  the  lung  is  devoid  of  air,  but  in  the 
case  of  condensation  it  is  so  because  the  air  spaces  are  filled  up  with 
solid  material,  usually  inflammatory  exudation.  The  atelectatic  portion 
is  capable  of  inflation  by  blowing  air  into  the  lung  by  the  bronchi,  at 
least  it  is  so  at  the  outset,  while  the  condensed  part  is  not  inflatable. 

There  is  no  doubt  that  a  lung  which  was  partly  atelectatic  immedi- 
ately after  birth  may  subsequently  become  perfectly  inflated.  On  the 
other  hand  there  is  reason  to  believe  that,  if  the  atelectasis  persist  long, 
the  lung  becomes  incapable  of  inflation.  If  the  child  survive,  the 
applied  walls  of  the  lung  alveoli  adhere  and  an  actual  obliteration  of 
the  latter  occurs.  The  part  gradually  atrophies,  and  it  has  been  sup- 
posed that  cicatrices  sometimes  seen  in  tlfe  adult  lung  and  without  any 
obvious  cause  may  have  this  origin. 

The  question  arises  here  whether,  after  inflation  of  the  lung,  por- 
tions or  the  whole  may  again  collapse.  We  shall  see  immediately 
that  collapse  occurs  in  the  adult,  and  there  is  no  reason  to  suppose  that 
it  does  not  occur  in  the  new-born  infant.  There  are  undoubted  cases 
of  children  who  have  lived  over  twenty-fours  and  have  cried,  in  whose 
bodies  the  lungs  have  been  found  witli  only  one  island  here  and  there 
of  inflated  lung. 

Collapse  of  the  Lung  is  of  frequent  occurrence.  In  some  cases  it 
"is  due  to  direct  compression  of  the  lung  ;  the  air  is  simply  squeezed  out 
of  it.  ITsually  this  arises  from  the  presence  of  fluid  or  air  in  the 
pleural  cavity.  In  that  case  the  collapse  is  not  unlikely  to  be  only  par- 
tial, that  is  to  say,  the  air  vesicles  are  only  partly  emptied  and 
readily  recover.  But  if  the  exudation  is  great  and  remains  long,  then 
the  lung  may  be  pressed  upwards  and  backwards  and  come  to  form 
merely  a  red  fleshy  layer  flattened  against  the  chest  wall.  This  condi- 
tion is  often  called  carnification,  and  in  it  the  tissue  appears 
darkly  pigmented,  the  absence  of  blood  and  the  packing  together  of 
the  lung  tissue  exaggerating  the  existing  carbonaceous  pigmentation. 
The  cause  mentioned  above  is  by  far  the  most  frequent  in  pro- 
ducing collapse  by  pressure,  but  there  are  others.  Curvature  of 
the  spine  sometimes  causes  such  a  narrowing  of  a  part  of  the 
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chest  that  the  lung  is  squeezed  or  collapsed.  Aneurisms  or  tumours 
may  also  compress  the  lung,  but  they  more  frequently  cause  collapse  by 
obstructing  the  bronchi.  Even  distension  of  the  abdomen,  by  pressing 
the  diaphragm  upwards  and  limiting  the  chest  space,  may  cause  a  par- 
tial collapse.  A  great  distension  of  the  pericardium  may  have  a  similar 
effect. 

A  very  important  cause  of  collapse  is  obstruction  of  bronchi.  To  a 
limited  extent  collapse  is  exceedingly  frequent  in  bronchitis,  much  more 
frequent  than  is  usually  supposed.  The  collapse  very  often  appears  in 
the  form  of  small  wedge-shaped  depressions  at  the  edges  of  the  lungs, 
and  may  be  almost  concealed  by  neighbouring  emphysematous  lung. 
But  sometimes,  especially  in  children,  the  collapse  may  be  much  more 
extensive.  The  mode  in  which  this  collapse  occurs  has  been  well 
described  by  Gairdner.  If  a  pellet  of  mucus  obstructs  a  bronchus 
it  generally  does  so  at  a  bifurcation.  The  bronchus  is  partially  ob- 
structed, and  the  pellet  of  mucus  being  movable,  acts  to  a  certain 
extent  like  a  valve ;  it  is  pushed  out  into  the  larger  tube  during  ex- 
piration, and  being  drawn  back  against  the  bifurcation  in  inspiration  stops 
the  tube.  In  this  way  the  escape  of  air  during  expiration  is  allowed, 
but  the  entrance  of  air  during  inspiration  prevented.  The  respiratory 
movements  will  thus  act,  to  a  certain  extent,  like  an  air  pump,  and  the 
portion  of  lung  tissue  concerned  will  be  gradually  emptied  of  air. 

There  is  another  way  in  which  collapse  probably  occurs  when  a 
bronchus  is  obstructed.  It  is  to  be  remembered  that  the  lung  tissue  is 
elastic,  and  that  left  to  themselves  the  alveoH  collapse  and  their  walls 
apply  themselves  together.  If  a  bronchus  be  obstructed,  therefore,  and 
communication  with  the  external  air  withdrawn,  the  absorption  of 
oxygen  will  soon  reduce  the  bulk  of  the  contained  air,  and  cause  a  re- 
duction of  its  elastic  pressure.  The  elasticity  of  the  lung  tissue,  again, 
will  cause  pressure  to  be  exercised  on  the  air,  and  absorption  of  the 
gases  of  the  air  will  be  thus  promoted.  It  has  been  proved  that  such 
absorption  actually  occurs,  first  of  the  oxygen,  then  of  the  carbonic  acid, 
the  nitrogen  being  slowest  of  absorption.  The  lung  of  course  collapses 
as  the  air  is  absorbed. 

It  has  just  been  stated  that  collapse  from  bronchial  obstruction  is  most 
common  in  the  bronchitis  of  children,  but  it  is  necessary  to  observe  that 
in  children,  in  whom  the  form  called  capillary  bronchitis  is  common,  it  is 
often  accompanied  by  a  condition  which  is  apt  to  be  mistaken  for  collapse, 
namely,  lobular  condensation.  The  catarrhal  process  in  the  bronchi 
readily  passes  in  children  to  the  lung  alveoU,  and  the  catarrhal  products 
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fill  these  up,  causing  condensation  of  a  portion  of  the  tissue  which  has 
a  wedge-shaped  configuration  similar  to  that  of  the  collapsed  portion. 
Of  course,  these  two  conditions  may  co-exist  in  the  same  lung,  or  we 
may  even  have  a  combination  of  them,  the  collapsed  lung  becoming  the 
seat  of  catarrh,  and  so  passing  into  the  condition  of  condensation. 

HYPERTEOPHY  OF  THE  LUNG. 

A  case  occuiTed  recently  to  the  author  which  distinctly  manifested 
the  characters  of  compensatory  hypertrophy  of  the  lung.  The  left 
lung  was  of  very  small  dimensions,  especially  the  up^jer  lobe,  which 
aj)peared  merely  as  a  membranous  structure  in  which  dilated  bronchi 
would  be  felt.  There  was  no  pigment  in  this  lobe,  and  not  a  trace  of 
lung  parenchyma.  The  lower  lobe  contained  the  ordinary  carbonaceous 
'  pigment  in  Hmited  amount,  but  was  greatly  reduced  in  size. 

The  right  lung  was  of  very  unusual  volume,  extending  across  the 
middle  line,  so  that  its  edge  reached  beyond  the  left  nij)i3le.  The  enlarge- 
ment seemed  to  be  due  to  an  addition  ofdung  tissue  at  the  anterior 
parts.  The  supra-clavicular  part  of  the  apex  of  the  lung  had  the 
normal  form  and  size,  and  its  anterior  border  indicated  the  position 
of  the  normal  anterior  margin.  What  should  have  been  the  anterior 
margin  was  indicated  by  this.  Beyond  this,  however,  a  bulky 
piece  of  lung  extended  into  the  other  half  of  the  chest.  This  part  of 
the  lung  had  not  the  appearances  of  emphysema,  at  least  in  any  con- 
siderable degree.  The  right  ventricle  of  the  heart  was  greatly  enlarged, 
and  the  pulmonary  artery  showed  a  remarkable  thickening  of  its  wall, 
there  being  scarcely  any  difference  between  it  and  the  aorta. 

The  absence  of  pulmonary  tissue  in  the  upper  lobe  of  the  left  lung 
indicated  that  the  collapse  had  been  of  long  standing,  while  the  entire 
absence  of  pigment  showed  that  if  not  congenital  it  had  occurred  in 
very  early  life.  The  enlargement  of  the  right  lung  was  thus  compen- 
satory, dating  from  a  period  when  the  organ  was  in  a  state  of  growth. 
The  compensation  seems  to  have  been  somewhat  effective,  as  the  person 
lived  to  the  age  of  46,  and  it  was  only  during  the  later  months  of  his 
life  that  he  suffered  from  serious  dyspnoea,  followed  by  signs  of  venous 
engorgement.  The  remarkable  thickening  of  the  pulmonary  artery 
without  any  appearance  of  atheroma,  also  seems  to  point  to  a  compen- 
satory hypertrophy  of  the  right  ventricle  during  the  period  of  growth, 
the  vessel  in  its  growth  accommodating  itself  to  the  increased  blood- 
pressure.  It  may  be  added  that  the  left  pulmonary  artery  had  only 
about  a  third  of  the  cahbre  of  the  right,  but  the  main  bronchus  was  of 
equal  size  on  the  two  sides. 
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PULMONARY  EMPHYSEMA.  I 

This  name  includes  two  distinct  lesions,  in  one  of  which  air  escapes  i 
into  the  connective  tissue  of  the  lungs  and  distends  the  connective  tissue 
spaces,  while  in  the  other  the  alveoli  are  over-distended  and  various 
other  changes  result,  but  the  air  does  not  escape  from  its  natural 
chambers.  It  will  be  seen  that  the  first  form  is  comparable  with  surgical 
or  cutaneous  emphysema,  while  the  second  is  essentially  different.  The 
one  form  is  called  interlobular  or  interstitial  emphysema :  the  other,  which  '; 
is  much  commoner,  is  named  vesicular  emphysema  or  simply  emphysema.  | 

Interlobular  Emphysema  occurs  when  the  air  vesicles  are  rup- 
tured and  the  air  escapes  into  the  interstitial  tissue.    The  air  vesicles 
may  be  actually  torn  open  by  a  broken  rib  coming  against  the  lung,  or 
by  the  lung  being  directly  wounded.    On  the  other  hand  it  occasionally 
happens  that  the  air  vesicles  rupture  from  acute  over-distension.  We 
shall  see  afterwards  that  over-distension  usually  produces  the  other  . 
form  of  emphysema,  but,  if  very  acute  and  very  extreme,  it  may  lead 
to  an  actual  rupture  of  the  air  vesicles.    A  sudden  obstruction  of  a  con-  m 
siderable  bronchus,  causing  imperfect  inflation  of  a  portion  of  lung,B 
may  cause  such  serious  over-distension  of  other  parts  as  to  lead  toH 
actual  rupture  of  the  air  vesicles.     More  commonly  it  is  the  resultH 
of  very  violent  expiratory  efforts  generally  with,  but  sometimes  mth-H 
out,  obstruction  of  the  air  passages.   It  has  been  met  with  in  hooping-  ^ 
cough,  in  diphtheria,  and  in  violent  coughing  from  the  inhalation  of 
irritating  material.    The  violent  efforts  with  closed  glottis  cause  such 
compression  of  the  air  in  the  alveoli,  that  at  some  place  the  vesicles 
rupture.  As  seen  after  death  the  air  appears  in  the  form  of  minute  rows 
of  bead-like  bubbles,  visible  through  the  pleura.    These  rows  of  beads 
demarcate  the  lobules.    Occasionally  there  are  larger  bullae,  which  have 
been  known  to  rupture  externally,  and  so  lead  to  pneumothorax.    The  ,4 
air  sometimes  travels  along  the  connective  tissue  for  some  distance,  just  *■ 
as  we  find  in  the  case  of  subcutaneous  emphysema.    It  may  pass  to  the  I 
root  of  the  lung,  and  from  there  up  along  the  trachea  and  out  to  the  j| 
subcutaneous  tissue  of  the  neck,  and  so  lead  to  a  surgical  emphysema.  3 
This  has  led  in  some  cases  to  a  mistake  in  diagnosis,  as  Virchow  has  W 
pointed  out.    Interlobular  emphysema  sometimes  occurs  in  diphtheria,  1 
and  may  lead  to  subcutaneous  emphysema  in  the  way  just  mentioned.  I 
But  if  tracheotomy  has  been  performed,  it  may  be  thought  that  the 
emphysema  has  taken  origin  in  the  wound. 
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Vesicular  Emphysema— In  this  condition  the  air  vesicles  are 
over-distended,  and,  by  partial  atrophy  of  their  walls,  to  some  extent 
coalesced,  but  without  any  actual  tearing  of  them.  It  will  be  clear  that 
the  distension  must  be  frequently  repeated  or  permanent,  and  we  have 
to  consider  to  what  it  may  be  due.  Of  course  the  distensile  force  is 
in  the  air  within  the  air  vesicles,  and  it  may  be  exercised  either  in 
inspiration  or  expiration. 

When  the  glottis  is  closed,  and  expiration  violently  performed,  then 
the  air  in  the  vesicles  will  be  at  an  increased  pressure.  The  expiratory 
effort  is  produced  by  the  muscles  causing  the  movable  walls  of  the  chest 
to  be  pressed  against  the  lung.  The  contraction  of  the  abdominal 
muscles  presses  the  diaphragm  upAvards,  Avhile  the  ribs  are  depressed. 
The  lung  is  thus  compressed,  but  at  the  same  time  it  is  supported  by 
the  structures  which  compress  it,  and  the  same  force  that  increases 
the  pressure  helps  the  lung  tissue  to  resist  it  by  increasing  the  support. 
When  the  glottis  is  closed,  the  whole  lung  may  be  regarded  as  one 
cavity,  and  the  pressure  will  be  universally  diffused.  It  may  be 
expected,  therefore,  that  if  any  part  of  the  lung  be  insufficiently  sup- 
ported, the  distensile  force  will  tell  especially  there.  The  question 
therefore  arises.  Are  there  any  parts  where  the  lung  is  not  fully 
supported  by  the  chest  walls  1  If  a  deep  breath  be  taken,  the  glottis 
closed,  and  the  act  of  expiration  vigorously  performed  for  a  few  seconds, 
we  find  in  our  own  feelings  indications  that  the  lungs  are  over- 
distended,  mainly  at  the  anterior  parts  and  the  parts  above  the  clavicles. 
We  can  easily  understand  how  this  should  be.  The  anterior  part  of  the 
chest,  by  reason  of  the  flexibility  of  the  costal  cartilages,  is  more  mov- 
able than  the  rest  of  it,  and  the  anterior  edges  of  the  lungs,  as  we  can 
see  in  an  animal  whose  chest  is  laid  open  while  artificial  respiration  is 
carried  on,  have  yery  free  play.  Then,  above  the  clavicle  the  lung  is 
obviously  less  supported  than  where  the  chest  has  bony  walls.  We 
shall  see  afterwards  that  these,  with  one  or  two  other  parts,  are  those 
in  which  emphysema,  when  due  to  frequent  expiratory  efforts,  occurs 
most  typically. 

It  will  be  obvious  that  if  the  lung  tissue  has  lost  in  elasticity, 
the  permanent  dilatation  of  the  air  vesicles  will  occur  more  easily,  and 
will  readily  extend  to  parts  more  fully  supported  than  those  mentioned. 
In  the  form  to  be  afterwards  referred  to  under  the  name  of  Senile 
Emphysema,  there  is  a  loss  of  elasticity  from  the  atrophy  of  old  age. 
But  there  seems  to  be  in  some  cases  a  general  loss  of  elasticity,  and  it 
appears  as  if  such  a  condition  were  hereditary  to  some  extent.  It 
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is  true  that  frequent  over-distension  will  cause  atrophy  of  the  elastic 
tissue  of  itself,  but  it  is  quite  apparent  that  in  many  individuals  there 
is,  to  begin  with,  less  elastic  tissue,  or  it  is  less  resistant,  and  so  we  have 
a  predisposition  to  emphysema,  sometimes  inherited. 

We  have  still  to  inquire  under  what  circumstances  frequent  or 
violent  expiratory  efforts  are  made  with  closed  glottis.  Coughing 
implies  such  efforts,  and  it  is  in  diseases  where  coughing  is  a  prominent 
feature  that  we  are  to  look  for  emphysema  from  this  cause.  It  is  met 
with  pre-eminently  in  bronchitis.  It  also  occurs  in  hooping-cough, 
occasionally  in  croup,  and  even  in  the  violent  expiratory  efforts  of 
parturition,  although  in  the  last  two  cases  interlobular  emphysema  is 
more  likely  to  occur  from  the  sudden  and  violent  nature  of  the  disten- 
sion. As  chronic  bronchitis  is  peculiarly  a  disease  of  more  advanced 
life,  we  may  expect  that  a  preliminary  atrophy  of  the  lung  tissue, 
implying  a  loss  of  elastic  tissue,  plays  an  important  part  in  the  produc- 
tion of  emphysema  in  a  large  number  of  cases. 

We  turn  now  to  cases  in  which  the  air  vesicles  are  over-distended 
during  inspiration.  A  large  number  of  cases  of  what  is  called  com- 
pensatory or  VICARIOUS  EMPHYSEMA  belong  to  this  class.  If  a  part  of 
the  lung  does  not  distend  fully  in  inspiration,  there  must  either  be  a 
falling  in  of  the  chest  to  a  corresponding  extent,  or  else  an  over-disten- 
sion of  another  part  of  the  lung  in  order  to  fill  up  the  space.  To  what 
extent  one  or  other  or  both  of  these  will  occur  is  determined  by  circum- 
stances, chiefly  by  the  situation  of  the  insufficiently  distended  part  and 
the  time  occupied  in  the  occurrence  of  the  lesion.  There  are  many 
different  circumstances  under  which  comiDensatory  emphysema  may 
occur.  If  a  portion  of  the  lung  is  collapsed,  the  neighbouring  part 
often  undergoes  emphysematous  distension.  It  occurs  thus  in  bron- 
chitis, and  the  wedges  of  collapse,  already  referred  to,  are  often  fringed 
with  emphysema.  We  see  it  also  around  cicatrices  in  phthisis,  or  along 
with  bronchiectasis  in  fibroid  phthisis.  Emphysema  occurs  sometimes 
to  a  remarkable  extent  in  connection  with  general  adhesions  of  the 
lung,  and  the  emphysema  is  often  very  marked  at  the  anterior  parts. 
In  order  to  explain  this  it  is  to  be  remembered  that  the  lungs  have  a 
considerable  play  in  the  thorax.  They  come  well  forward  in  inspira- 
tion and  retreat  during  expiration.  We  see  this  in  the  opened  thorax 
during  artificial  respiration,  but  in  the  closed  thorax  the  greater 
mobility  of  the  anterior  wall  of  the  thorax  and  the  elevation  of  the 
sternum  produce  a  similar  shifting  of  the  lung.    But  now  if  one  lung  is 
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I  bound  down  by  firm  general  adhesions,  this  play  of  the  lung  is  pre- 
I  vented,  and  the  distension  of  the  lung  as  a  whole  is  hindered.  There 
may  be  as  a  result  deficient  movement  of  that  side  of  the  chest  as 
a  whole.    The  sternum  will  continue  to  rise  during  inspiration,  how- 
ever, and,  in  order  to  fill  up  the  space,  one  of  two  things  will  happen 
— either  the  other  luiig,  if  not  also  adherent,  will  be  over-distended  and 
•project  beyond  the  middle  line,  or  else  an  emphysema  will  occur  at  the 
i  anterior  parts  of  the  adherent  lung ;  this  latter  is  very  frequently  seen. 
I       It  is  sometimes  stated  that  em^Dhysema  occurs  in  cases  of  condensa- 
tion of  the  lungs,  as  in  pneumonia  and  especially  in  phthisis.    We  have 
here  to  do  with  conditions  in  which  the  air  vesicles  are  filled  up  with 
I  solid  material  and  air  does  not  get  in;  the  finer  bronchi  are  at  the  same 
time  plugged.    The  air  vesicles  are  not  necessarily  distended  with  the 
material,  but,  being  plugged,  they  do  not  expand  during  inspiration. 
For  this  reason  the  chest  in  phthisis  is  often  immobile  in  its  upper  part, 
and  it  may  even  fall  in  somewhat  even  without  the  formation  and 
collapse  of  a  cavity.    On  the  other  hand,  this  deficient  expansion 
may  lead  to  a  compensatory  emphysema. 

There  is  still  another  way  in  which  it  is  asserted  emphysema  occurs 
in  the  inspiratory  phase.    If  the  bronchi  be  partially  obstructed,  the 
more  powerful  inspiratory  muscles  may  be  able  to  overcome  the  obstruc- 
!  tion  while  the  expiratory  forces,  which  normally  depend  mainly  on  the 
i  elasticity  of  the  lung,  may  do  so  much  less  efficiently.    At  each  inspira- 
:   tion,  therefore,  the  air  vesicles  are  over-distended,  and  are  only  partially 
relieved  in  expiration,  so  that  there  is  an  almost  continuous  condition  of 
,   dilatation,  which  readily  passes  into  emphysema.    This  applies  chiefly 
i   to  the  case  of  bronchitis,  and  especially  where  the  smaller  bronchi  are 
,    partially  obstructed  by  swelling  of  the  mucous  membrane.    This  view 
I   does  not  now  meet  with  very  general  acceptance,  especially  as  in 
j   bronchitis  the  coughing  gives  frequent  violent  expiratory  acts. 

We  have  next  to  consider  the  anatomical  changes  which  occur  in 
the  lung  tissue  in  emphysema.    We  have  to  do  with  air  spaces  of 
irregular  shape  and  separated  by  partial  partitions,  and  as  the  distensile 
force  acts  from  within,  its  tendency  is  to  distend  equally  and  so  render 
the  spaces  globular.    The  ultimate  bronchial  tubes  terminate  in  the 
'    elongated  passages  called  from  their  shape  infundibula.    From  these 
passages  open  by  wide  apertures  the  air  vesicles,  which  therefore  cluster 
t    around  the  infundibula  and  are  mere  pouches  out  from  them.  The 
!    distensile  force  will  act  first  on  the  infundibulum  with  its  system  of  air 
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vesicles,  causing  distension.  The  tendency  will  be  to  render  the  outline 
more  globular  and  the  cavity  simpler.  The  partitions^ separating  the 
alveoli  atrophy,  and  the  infundibulum  expands  into  a  simpler  cavity 
(a  a  in  Fig.  224).    Thus  while  more  space  is  occupied  there  is  less  res- 


Fig.  224. — Section  of  the  hing  iu  emphysema,  early  stage.    The  iufundibula,  a,  a,  a,  are 
dilated.    X  100.  (Eindfleisch,) 

piratory  surface.  The  infundibulum  continues  to  exj)and  and  meets  with 
other  iufundibula  undergoing  a  similar  process.  By  mutual  pressure  the 
adjoining  tissue  atrophies,  and  the  two  communicate  by  such  rounded  aper- 
tures as  are  shown  in  Fig.  225.  The  larger  cavity  tends  to  become  simpler 
by  atrophy  of  all  partitions  and  septa,  and  so  the  process  goes  on  by 
coalescence  of  neighbouring  spaces  and  atrophy  of  the  partitions.  The 
enlarged  air  spaces  thus  produced  are  of  various  sizes,  up  to  considerable 
vesicles  or  bullae.  With  this  atrophy  there  is  great  loss  of  tissue  and 
of  blood-vessels.  Before  the  actual  destruction  of  the  blood-vessels  the 
pressure  seems  to  cause  obstruction  of  them  so  that  they  are  not  able  to 
be  injected  and  appear  as  white  cords.  It  is  stated  that  this  obstruction 
is  effected  by  the  formation  of  white  thrombi.  The  epithelium  for  the 
most  part  persists  in  the  distended  air  spaces,  but  it  is  frequently  in  a 
state  of  fatty  degeneration.  It  may  happen  that,  as  in  Fig.  225,  the 
wall  of  the  alveolus  has  atrophied  except  the  epithelium,  and  the  actual 
apertures  are  formed  by  its  being  shed.  Of  most  importance  is  the 
atrophy  of  the  elastic  tissue,  because  on  this  account  the  lung  tissue  will 
be  prevented  from  collapsing  as  it  normally  does. 
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The  changes  in  the  hmgs  visible  to  the  naked  eye  are  in  accordance 
with  these  alterations  in  the  finer  structure.    In  the  first  place  the 


Fig.  225.— Emphysema  of  lung,  portion  of  the  wallTHJ  an  alveokis.  There  are  several 
rounded  apertures.  In  some  parts,  and  especially  at  right  hand  corner,  an  aperture  seems 
to  be  forming  by  the  separation  of  epithelium  which  has  come  to  form  the  entire  thick- 
ness of  the  alveolar  wall,    x  600.  (Thiebfelder.) 

changes  described  cause  the  affected  lung  tissue  to  take  up  more  room, 
and  there  will,  therefore,  be  enlargement  of  the  lung  varying  in  extent 
and  situation  according  to  circumstances.  If  the  emphysema  be  at 
all  extensive  the  lungs  as  a  whole  appear  more  bulky,  and  when  the 
chest  is  laid  open  they  may  appear  as  if  bulging  out  at  the  aperture. 
This  appearance  is  not  altogether  due  to  the  enlargement,  but  to  a 
certain  extent  it  is  related  to  the  fact  that  as  the  elastic  tissue  is  largely 
lost  the  lungs  do  not  retract  in  the  normal  fashion.  The  increase 
of  bulk  is  usually  most  manifest  at  the  anteiior  margins  which,  in 
bronchitis  at  least,  are  the  most  frequent  seats  of  the  lesion.  The 
margins  are  unduly  voluminous  and  the  edges  rounded.  It  not  in- 
frequently happens  that  certain  portions  of  the  anterior  margins  undergo 
special  enlargement,  a  projecting  piece  of  lung  becoming  by  its  increase 
in  bulk  partially  isolated.  The  tongue-shaped  projection  at  the  edge  of 
the  left  lung  corresponding  with  the  lower  part  of  the  heart,  often 
presents  considerable  elongation  and  partial  separation. 

Another  locality  where  emphysema  is  often  very  manifest  is  the  base. 
Here  there  are  frequently  rounded  prominences  projecting  against  the 
diaphragm,  and  the  diaphragmatic  surface  of  the  lung  as  a  whole  may  be 
convex  instead  of  concave.  This  is  especially  the  case  in  the  left  lung 
where  the  diaphragm  is  not  supported  by  a  solid  organ  as  it  is  on  the  right 
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side  by  the  liver.  Again  the  enlargement  is  very  frequent  at  the  apices. 
It  has  been  pointed  out  by  Jenner  that  the  right  lung  often  presents  a 
special  bulging  posteriorly  at  a  place  corresponding  to  the  space  behind 
the  trachea. 

The  localization  will  be  more  various  where  the  emphysema  is 
compensatory,  and  in  that  case  will  depend  greatly  on  the  locality 
of  the  cause.  Thus  we  see  it  around  cicatrices  or  contracted  pieces 
of  lung,  but  in  nearly  all  cases  there  is  a  tendency  to  aflfect  especially  the 
anterior  parts. 

In  all  these  places,  with  increase  of  bulk  in  general  there  is,  even  to 
the  naked  eye,  a  visible  enlargement  of  the  air  spaces.  Normally,  the 
individual  air  vesicles  are  scarcely  visible,  Imt  in  emphysema  the 
almormal  air  spaces  are  plainly  seen  through  the  pleura,  often  giving  a 
frothy  appearance  from  the  size  of  the  vesicles  and  the  dehcacy  of 
the  partitions.  Beyond  this  we  may  have  all  degrees  of  visible  enlarge- 
ment of  the  air  spaces  up  to  considerable  bladders  as  large  as  an  egg. 
The  emphysematous  portion  is  unduly  pale,  and  gives  a  soft  do^vny 
feeling  to  the  touch.  On  cutting  into  it  there  is  often  a  creaking,  crisp 
sound,  and  if  the  vesicles  are  large  they  collapse  markedly. 

We  have  still  to  consider  some  of  the  effects  of  emphyseiia 
on  other  parts.  The  lungs  are  permanently  increased  in  bulk,  and  the 
capacity  of  the  chest  is  correspondingly  increased.  The  chest  is  kept 
more  or  less  in  the  condition  of  deep  inspiration,  the  diaphragm 
depressed  and  flattened,  the  shoulders  elevated,  the  sternum  pushed 
forwards  and  outwards,  and  the  chest  more  or  less  barrel-shaped.  The 
heart  is  depressed  along  with  the  diaphragm  and  placed  more  horizon- 
tally, while  it  is  overlaid  by  the  edges  of  the  lung.  The  liver  is  pushed 
downwards  by  the  flattened  diaphragm.  The  emphysema  has  a  serious 
effect  on  the  circulation.  We  have  seen  that  there  is  obstruction  and 
destruction  of  the  blood-vessels  in  the  lung,  and  this  reacting  on  the 
pulmonary  artery  causes  engorgement  of  the  right  A-entricle.  The  right 
ventricle  is  induced  to  hypertrophy  by  reason  of  the  increased  strain 
thrown  on  it,  and  by  more  vigorous  efforts  it  may  to  a  great  extent 
compensate  for  the  obstruction  and  send  enough  blood  through  the 
reduced  channels.  But  the  compensation  may,  as  the  disease  advances, 
he  insufficient,  and  so  we  have  insufficient  aeration  of  the  blood  and 
dilatation  of  the  right  ventricle  without  corresponding  hypertrophy. 
On  this  follow  all  the  serious  results  of  venous  engorgement  already 
referred  to.     The   dilatation  of  the  heart  is  more  apt  to  ensue 
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if,  from  imperfect  nutrition  of  the  heart,  the  muscular  fibre  undergoes 
fatty  degeneration,  and  as  a  matter  of  fact  the  actual  fatal  result  is 
often  traceable  to  fatty  degeneration  allowing  of  very  severe  venous 
engorgement. 

Senile  Emphysema  is  primarily  an  atrophy  of  the  lung  tissue  along 
with  atrophy  of  the  other  tissues  of  the  body.  The  lung  in  this  form  does 
not  become  more  voluminous,  but  rather  retracts  and  becomes  softer  and 
more  pliable.  On  opening  the  chest  the  lungs  are  found  much  reduced  in 
bulk  and  collapsed  against  the  posterior  wall  of  the  chest.  The  normal 
weight  of  the  lungs  is  about  ounces  in  the  male  and  35  ounces  in 
the  female,  but  in  senile  emphysema  they  may  be  only  two-thirds 
of  this  weight.  The  air  vesicles  undergo  changes  similar  in  appearance 
to  those  in  ordinary  vesicular  emphysema ;  their  walls  atrophy  and  the 
infundibula  coalesce  so  as  to  form  larger  cavities,  but  this  is  by  a  simple 
process  of  atrophy.  On  examining  the  lung  the  increased  size  of  the 
air  spaces  may  be  invisible  at  first,  but  if^he  lung  be  distended,  or  if 
after  laying  it  open  by  incision  it  be  floated  in  water,  the  large  vesicles 
become  visible.  Of  course  old  people  are  subject  to  bronchitis,  and 
senile  atrophy  may  strongly  predispose  to  the  more  ordinary  form 
of  emphysema. 

DISOKDEES  OF  THE  CIRCULATION  IN  THE  LUNGS. 

It  is  to  be  remembered  that  the  pulmonary  arteries  are  thin-walled, 
and  that  their  muscular  coat  is  comparatively  inefficient.  Any  increase 
of  blood-pressure,  therefore,  will  tell  with  full  force  on  the  pulmonary 
circulation.  The  capillaries  are  abundant  and  closely  set,  and  are 
capable  of  great  distension.  Their  dilatation  will  cause  them  to 
project  into  the  air  vesicles,  and  it  is  not  improbable  that  they  some- 
times interfere  seriously  with  the  inflation  of  the  air  vesicles. 

Active  Hyperemia.— This  is  a  condition  which  we  have  few 
opportunities  of  actually  observing,  but  which  is  to  be  inferred  as 
existing  under  certain  circumstances.  It  has  been  a  matter  of  question 
whether  an  increase  in  the  strength  of  the  cardiac  contractions  is 
capable  by  itself  of  producing  active  congestion  of  the  hmgs.  But,  to 
take  a  simple  example,  the  feehng  of  breathlessness  which  one  experi- 
ences in  going  up  a  hill,  accompanied  as  it  is  with  severe  paljjitation 
and  a  feeling  of  oppression  in  the  chest,  is  probably  due  to  an  active 
hyperfemia  of  the  lungs  from  this  cause.    The  exertion  of  the  body 
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sends  more  blood  to  the  right  ventricle  and  also  stimulates  the  heart 
to  increased  exertion.  A  larger  amount  of  blood  is  forced  into  the 
pulmonary  artery,  and  at  a  greater  pressure.  Thus  the  feeling  of 
oppression  and  breathlessness  may  be  due  to  the  overloading  of  the 
vessels,  and  perhaps  to  some  extent  to  the  insufficient  inflation  of  the 
alveoli.  In  some  persons  this  condition  is  brought  about  by  very  sHght 
exertion,  their  hearts  being  peculiarly  excitable ;  or  it  may  occur  with- 
out any  exertion  at  all.  In  persons  with  damaged  hearts,  in  whom  the 
pulmonary  circulation  is  already  somewhat  engorged,  a  very  slight  in- 
crease in  the  force  of  the  heart  may  bring  on  a  further  hypersemia  such 
as  to  lead  to  severe  dyspnoea.  Thus  we  know  that  persons  suffering 
from  mitral  disease  find  great  difficulty  even  in  ascending  a  stair. 

An  acute  hypersemia  sometimes  develops  as  a  collateral  hyper- 
emia. Cases  have  been  recorded  in  which  a  person  while  heated  has 
drunk  large  quantities  of  cold  water,  and  has  immediately  been  attacked 
by  great  dyspnoea,  which  has  even  been  fatal.  Hertz  has  related  a 
case  in  which  a  workman,  while  much  heated,  went  into  a  vault  and 
drank  a  quantity  ©f  water  which  he  had  cooled  with.  ice.  He  was 
immediately  seized  with  the  most  intense  dyspnoea,  and  soon  began  to 
expectorate  a  bright  red  sputum.  In  this  case  there  was  evidently  an 
acute  hypersemia,  which  would  probably  have  proved  fatal  but  for 
timely  venesection.  The  exact  mode  of  occurrence  of  such  severe 
hypersemia  has  been  made  the  subject  of  experimental  investigation. 
Quantities  of  ice-cold  water  have  been  introduced  into  the  stomach 
in  animals,  while  the  blood-pressure  was  registered  by  a  kymograph 
connected  with  the  carotid.  The  result  was  an  immediate  and 
very  marked  increase  of  blood-pressure.  The  cause  of  increase  in 
pressure  was  not  the  absorption  into  the  blood  of  an  excess  of 
fluid,  because  an  equal  quantity  of  warm  water  injected  directly 
into  the  veins  produced  no  such  rise.  The  exj)lanation  is  that  the 
cold  water  reduces  the  temperature  not  only  in  the  stomach  but  in 
the  organs  around.  The  result  of  this  application  of  cold  is  contraction 
of  arteries,  and  as  in  this  neighliourhood  there  are  a  large  number  of 
arteries — those  of  the  stomach  itself,  the  splenic,  the  hepatic,  and  the 
mesenteries,  with  their  numerous  fine  ramifications  in  the  mesentery 
and  intestine — their  sudden  contraction  at  once  raises  the  blood-pres- 
sure, and  this  acts  most  readily  backwards  on  the  lungs.  On  similar 
grounds,  we  may  explain  the  breathlessness  which  one  experiences  in 
plunging  into  cold  water.  Here  the  arteries  of  the  skin  contract,  and 
the  risk  of  pulmonary  congestion  is  greater  if  the  cutaneous  arteries 
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have  been  peculiarly  relaxed,  as  when  the  person  has  been  much 
heated  beforehand. 

A  simple  active  hyperemia  of  the  lungs  seldom  gives  rise  to  oedema. 
We  have  already  seen  this  to  be  the  case  in  regard  to  active  hypersemia 
in  general,  and  it  especially  apphes  here.  In  the  case  which  we  have 
cited  from  Hertz  there  was  curvature  of  the  spine,  and  some  contrac- 
tion of  the  thorax,  and  this  may  have  had  to  do  with  the  severity  of  the 
hyperiBmia  and  the  occurrence  of  oedema  as  evidenced  by  the  rales  in 
the  chest  and  the  expectoration. 

Passive  Hyperemia  and  Pulmonary  (Edema.— Passive  hypersemia 
is  of  much  more  frequent  occurrence  than  that  just  considered.  In  the 
regular  course  of  post-mortem  examinations,  we  very  frequently  find 
that  the  dependent  parts  of  the  lungs  present  a  dark  blue  colour  due  to 
the  vessels  being  over-filled  with  blood.  This  condition  is  commonly 
called  HYPOSTATIC  engorgement,  and  to  a  certain  extent  it  is  really  of 
post-mortem  occurrence,  the  blood  gravitaffng  to  the  dependent  parts  of 
the  lungs.  In  many  cases,  however,  it  has  existed,  at  least  partly,  dur- 
ing hfe,  especially  when  it  is  associated,  as  it  commonly  is,  with  oedema. 
This  condition  arises  most  frequently  in  persons  whose  hearts  are 
weakened  by  debihtating  diseases,  and  it  frequently  develops  not  long 
before  death.  In  a  large  number  of  cases  of  all  kinds  of  debilitating 
diseases  we  find  just  before  death  the  chest  full  of  rales  and  the  breath- 
ing much  obstructed,  and  it  is  in  these  cases  that  we  find  hypersemia 
and  cedema  after  death.  Or  the  engorgement  and  oedema  may  occur  in 
the  midst  of  a  debilitating  disease,  such  as  typhus  fever,  when  they 
are  regarded  as  of  very  serious  import.  Sometimes  an  oedema  develops 
with  remarkable  suddenness,  and  seriously  endangers  life. 

It  has  been  stated  above  that  the  hypersemia  and  oedema  in  these 
cases  are  connected  with  weakening  of  the  heart,  but  it  is  not  easy  to 
see  how  this  should  produce  such  results,  especially  when  they  are  of 
sudden  occurrence.  When  the  blood  is  already  deteriorated,  as  in 
typhus  fever,  and  when  by  reason  of  the  weakness  of  the  heart  the  circu- 
lation is  very  sluggish  in  the  capillaries  of  the  lung,  we  can  understand  the 
occurrence  of  engorgement  and  oedema,  just  as  in  these  diseases  we  may 
have  gangrene  of  the  toes.  Here  the  absence  of  the  proper  renewal  of 
the  blood  causes  the  vessels  to  lose  their  natural  vigour  and  allow 
of  transudation.  In  the  more  ordinary  cases  of  hypostatic  oedema 
occurring  just  before  death,  we  have  also,  as  a  consequence  of  some 
debilitating  disease,  not  only  weakness  of  the  heart,  but  deterioration  of 
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the  blood,  and  these  together  may  account  for  the  occurrence  of  the 
engorgement  and  oedema. 

But  there  are  some  cases  m  which  oedema  occurs  suddenly,  and 
without  any  previous  anaemia  or  morbid  condition  of  the  blood. 
Some  of  these  are  cases  of  Bright's  disease,  and  the  cedema 
here  is  of  similar  import  to  that  of  the  skin  in  that  disease. 
There  are  cases,  however,  chiefly  of  heart  disease,  in  which  a  sudden 
oedema  occurs  and  is  sometimes  fatal.  These  cases  can  hardly  be 
accounted  for  by  a  simple  weakening  of  the  heart  as  a  whole,  or 
else  we  should  have  oedema  in  cases  of  syncope  in  which  there  is 
simj)le  failure  of  the  heart.  An  endeavour  has  been  made  to  account 
for  it  by  supposing  increase  of  blood-pressure  in  the  pulmonary  circula- 
tion. It  has  been  shown  by  Cohnheim,  from  experiments  on  animals, 
that  in  order  to  produce  pulmonary  oedema  the  blood-pressure  must  be 
enormously  increased,  much  more  than  is  ever  likely  to  happen  from 
simple  mechanical  interruption  to  the  circulation  in  the  ordinary  way. 
This  author  has  found,  however,  that  if  the  left  ventricle  be  paralysed 
while  the  right  keeps  beating  vigorously,  we  may  have  such  an  increase 
of  blood-pressure  as  to  cause  cedema  of  the  lungs.  The  Aveakened  left 
ventricle  does  not  empty  itself,  and  acts  as  an  obstruction  to  the  retui-n 
of  blood  from  the  lungs,  and  the  obstruction  is  so  great  that  the  right 
ventricle  cannot  overcome  it.  It  might  be  objected  to  this  that  if  the 
left  ventricle  is  thus  paralysed  the  systemic  circulation  will  be  at  a 
standstill,  and  very  little  blood  will  find  its  way  to  the  right  ventricle. 
But  we  have  to  consider  that  in  such  patients  there  is  urgent  dyspnoea 
with  violent  inspiratory  efforts  which  have  the  effect  of  sucking  the 
blood  into  the  chest.  The  diastole  of  the  right  heart  also  acts  in  the 
way  of  drawing  blood  towards  it.  These  cases  then  of  sudden  oedema 
may  be  accounted  for  by  weakening  of  the  left  ventricle  while  the  right 
remains  vigorous.  Any  special  overstraining  of  the  left  ventricle  may 
cause  sudden  paralysis  of  it.  It  is  not  improbable  also  that  immediately 
before  death  the  jjulsations  of  the  left  ventricle  may,  in  many  cases, 
cease  before  those  of  the  right,  and  that  the  ordinary  oedema  at  the  end 
of  debilitating  diseases  may  have  partly  a  similar  origin. 

When  the  lungs  are  examined  after  death  in  cases  of  passiA^e  h3q)er- 
semia,  they  present  a  dark  blue  colour  which  is  often  limited  to  the 
posterior  parts  and  those  towards  the  base.  If  cedema  co-exists,  as  it  so 
often  does,  the  tissue  is  bulkier  and  more  solid.  If  the  lung  be  divided 
with  the  knife  and  the  organ  squeezed,  a  frothy  fluid  mixed  with  blood 
issues  from  the  cut  surface.    If  the  oedema  exists  Avithout  much  hyper- 
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i  seinia  the  lung  is  pale,  but  bulky  and  heavy,  and  a  watery  fluid  exudes 
from  the  cut  surface.  The  condition  of  hyperasmia  with  oedema  is 
sometimes  called  splenization,  because  the  tissue  is  like  that  of  the 
spleen  in  its  naked-eye  characters.  Examined  minutely  it  is  found  that 
the  capillaries  are  distended  and  the  air  vesicles  filled  with  serous  fluid 
in  which  leucocytes  and  red  corpuscles  are  present. 

If  this  condition  persists,  it  usually  passes  gradually  into  an  inflam- 
matory condition.  Fibrine  is  exuded  into  the  air  vesicles,  but  it  is 
mixed  with  serous  fluid,  and  does  not  give  that  extreme  solidification  to 
the  lung  which  we  find  in  acute  j)neumonia.  The  lung  is  more  solid 
than  in  splenization  however,  and  the  colour  is  not  so  deep.  In  some 
cases  we  find  a  close  approximation  to  actual  hepatization,  and  there 
may  even  be  breaking  down  of  the  inflammatory  products,  as  in  the 
later  stages  of  a  pneumonia,  so  that  on  squeezing  the  lung  a  grumous 
fluid  exudes  from  the  cut  surface. 

Passive  Hyperemia  of  the  Lungs  from  Heart  Disease. — This 
subject  has  to  a  large  extent  been  treated  of  in  previous  paragraphs, 
but  some  sj)ecial  points  remain  to  be  considered.  In  mitral  disease 
especially,  there  is  a  constant  obstruction  to  the  return  of  blood 
from  the  lungs,  which,  in  many  cases,  is  largely  compensated  by 
hypertrophy  of  the  right  ventricle,  but  even  when  it  is  so  the  pul- 
monary circulation  will  be  constantly  at  an  increased  pressure,  and 
there  will  be,  consequently,  a  more  or  less  permanent  passive 
hypergemia.  This  passive  hypersemia  has  various  secondary  results. 
The  most  prominent  of  these  during  life  is  bronchitis,  a  more  or  less 
persistent  catarrh  of  the  bronchial  mucous  membrane.  Another  result 
is  the  condition  designated  brown  induration.  In  this,  as  in  other 
cases  of  prolonged  passive  hypereemia,  the  connective  tissue  of  the 
lung  is  thickened  and  increased  in  density,  so  much  so  that  the  con- 
dition was  described  by  Rokitansky  as  an  inflammatory  hypertrophy  of 
the  connective  tissue.  At  the  same  time  the  capillaries  are  distended 
and  rendered  tortuous.  This  condition  of  the  capillaries  is  rendered 
obvious  by  separating  a  piece  of  lung  tissue  by  a  ligature,  placing 
it  in  nitric  acid,  and  then  in  spirit.  Sections  will  show  the  en- 
larged and  varicose  capillaries  as  a  brownish -red  network.  The 
larger  vessels  are  also  dilated  and  their  supporting  connective  tissue 
hypertrophied.  The  dilated  capillaries  are  apt  to  allow  of  the  leakage 
of  blood  corpuscles  into  the  interior  of  the  alveoli,  and  these  give 
the  sputum  a  bloody  appearance.     Haemorrhage  occurs  also  into 
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the  connective  tissue,  and  the  result  is  a  pigmentation,  the  colouring 
matter  existing  in  the  form  of  granules  contained  in  the  connective 
tissue  corpuscles.  The  blood  in  some  of  the  capillaries  may  stagnate 
altogether,  and  in  that  case  the  capillaries  will  come  to  be  represented 
by  a  network  of  brown  pigment. 

The  general  appearance  of  the  lung  corresponds  to  the  finer  char- 
acters. As  a  whole  the  lung  is  more  consistent,  and  does  not  retract  so 
fully  as  usual  when  the  chest  is  laid  open.  The  colour  is  brownish, 
but  it  varies  considerably  both  in  different  cases  and  in  different  parts 
of  the  same  lung.  There  may  be  a  general  broAvnish  colour,  or  there 
may  be  lighter  and  darker  pieces,  according  as  local  haemorrhages  have 
occurred  more  or  less  recently. 

We  must  remember  that  the  hsemorrhagic  infarction  occurs  mainly 
in  cases  of  heart  disease,  but  has  a  different  origin  as  appears  in  the 
next  section. 

The  HEMORRHAGIC  Infarction. — This  condition  has  already  been 
the  subject  of  study  when  treating  of  embohsm  at  p.  37.  We  there 
saw  that  the  pulmonary  artery  and  its  branches  are  end-arteries,  and 
that  obstruction  of  one  of  them  is  likely  to  produce  the  hemorrhagic  in- 
farction. We  saw,  however,  that  two  circumstances  render  this  result 
less  uniform  in  the  lungs ;  in  the  first  place,  the  wide  capillaries  may 
act  as  anastomosing  vessels,  and  so  the  circulation  may  be  kept 
up  sufficiently  to  prevent  diapedesis ;  and,  in  the  second  place,  the 
bronchial  artery  keeps  the  lung  tissue,  to  a  certain  extent,  nourished. 
We  saw  that  when  the  infarction  occurs  it  is  likely  to  form  at  the  peri- 
phery of  the  lung,  especially  towards  the  edges  where  the  lung  substance 
is  covered  on  more  than  one  side  with  pleura.  The  infarction  forms  by 
the  blood  taking  a  backward  course  from  the  veins  into  the  capillaries. 
The  capillaries  become  engorged,  and  the  red  corpuscles  pass  through 
their  walls  into  the  lung  alveoli,  which  they  fill  to  the  exclusion  of 
the  air. 

But  the  hsemorrhagic  infarction  appears  to  form  sometimes  as  a 
result  rather  of  thrombosis  than  of  embohsm  of  the  pulmonary  artery. 
In  cases,  especially  of  mitral  disease,  there  may  be,  from  the^  great 
obstruction  of  the  circulation  in  the  lungs,  an  actual  stasis  in  the 
capillaries,  and  if  the  stasis  extends  backwards  to  the  pulmonary  ar- 
tery, it  may  induce  coagulation  there.  If  thrombosis  occurs  in  the 
pulmonary  artery,  then  the  blood  in  the  corresponding  veins  will 
take  a  backward  course  as  before,  and  the  previous  engorgement  of 
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the  vessels  from  the  mitral  disease  will  render  this  all  the  more 
likely;  the  capillaries  will  be  distended,  and  diapedesis  will  result. 
A  h^emorrhagic  infarction  occurring  in  this  way  will  closely  resemble 
one  ha\ang  an  embolic  origin,  and  the  thrombus  may  be  itself  hardly 
distinguishable  from  an  embolus.  The  infarction  will,  like  the  other, 
have  a  wedge-shape,  with  its  blunt  end  towards  the  surface.  It  may 
be  added  that  this  mode  of  origin  is  much  less  common  than  the  other, 
but  that  an  embolus  is  often  increased  in  size  by  thrombosis,  and  may 
not  obstruct  till  added  to  by  thrombosis. 

The  appearances  of  the  hsemorrhagic  infarction  are  such  as  result 
from  distension  of  the  air  spaces  with  blood.  If  quite  recent  it  is  of  a 
dark  blue  colour,  dense  to  the  feeling,  and  more  or  less  wedge- 
shaped,  with  the  apex  inwards.    It  may  present  all  varieties  of  size 


Fig.  226.— From  a  hajmorrhagic  infarction  of  the  lung.  The  alveolus  is  fiUed  with  red 
Wood  corpuscles,  with  one  or  two  large  catarrhal  cells.  In  the  wall  of  the  alveolus  the 
capillaries  are  greatly  distended  with  blood,    x  350. 


up  to  half  the  lung.  As  the  infarction  is  mostly  peripheral  it  may 
be  often  recognized  by  the  dark  colour  seen  through  the  pleura,  but 
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it  is  more  easily  discovered  by  handling  the  lung  w'hen  the  solid  mass 
is  readily  detected.  At  first  it  looks  on  section  like  a  recent  blood 
clot,  and  has  almost  a  similar  smooth  surface,  but  as  time  goes  on  the 
colour  merges  into  brown,  and  the  appearance  may  come  to  resemble 
that  of  red  hepatization.  As  blood  fills  the  air  spaces  the  piece  of  lung 
is  more  bulky  than  that  surrounding  it.  The  infarction,  therefore,  is 
often  seen  as  a  rounded  bulging  beneath  the  pleura,  or  when  the  lung 
is  divided  it  stands  at  a  higher  level  than  the  surrounding  tissue.  The 
pleura  over  the  infarction  is  usually  covered  with  a  layer  of  fibrinous 
exudation  of  a  yellow  colour,  and  the  pleural  cavity  contains  fluid,  often 
in  considerable  quantity. 

Under  the  microscope,  as  shown  in  figure  226,  we  have  simply  an 
enormous  aggregation  of  red  corpuscles  in  the  lung  alveoli  and  finer 
bronchial  tubes,  with  distension  of  the  pulmonary  capillaries.  There 
is  usually  hardly  a  trace  of  fibrine  to  be  seen,  merely  red  corpuscles 
which  have  escaped  by  diapedesis,  and  perhaps  a  few  catarrhal  cells. 

If  the  patient  live  for  some  time  after  the  occurrence  of  the  infarc- 
tion certain  changes  occur  in  it,  but  there  are  few  actual  observations 
bearing  on  this  point.  It  is  very  probable  that  in  some  cases  the 
infarction  clears  away ;  the  blood  is  discharged  by  expectoration,  and 
the  circulation  is  re-established,  but  the  portion  of  lung  is  unduly  pig- 
mented. In  other  cases  the  portion  of  lung  gradually  shrinks,  and  the 
ultimate  result  is  a  pigmented  induration.  Indurations,  probably  of 
this  origin,  are  not  infrequently  met  with  in  cases  of  valvular  disease. 
In  stiU  other  cases  the  portion  of  lung  tissue  dies  and  sloughs,  so  that  a 
cavity  forms.  This  condition  has  probably  been  often  mistaken  for 
phthisis,  especially  as  it  has  probably  been  preceded  by  haemoptysis. 
Sometimes  the  slough  decomposes,  and  we  have  all  the  features  of 
gangrene  of  the  lungs.  It  may  seem  strange  that  necrosis,  which  is  the 
regular  result  in  other  organs,  is  not  of  more  constant  occui-rence  in  the 
lungs.  It  is  to  be  remembered,  however,  that  the  lung  tissue  in  the 
midst  of  the  infarction  is  still  nourished  by  the  bronchial  arterj-,  and 
that,  while  the  capillaries  and  actual  walls  of  the  alveoli  may  die,  the 
interlobular  connective  tissue  may  survive,  and  may  even  use  the 
necrosed  tissue  as  pabulum. 

Embolism  of  the  Pulmonary  Artery  has  been  referred  to  in 
its  relations  to  the  haimorrhagic  infarction,  but  we  have  already  seen 
that  it  by  no  means  uniformly  leads  to  that  result.  If  the  main 
artery  of  a  lung  be  obstructed  the  infarction  cannot  occur,  because  by 
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the  obstruction  of  the  artery  the  lung  is  deprived  of  blood.  But  even 
when  smaller  branches  are  occluded  the  infarction  may  be  absent. 
Cases  of  sudden  death  after  parturition  occur  from  embolic  obstruction 
of  the  lungs  without  any  infarction.  The  suddenness  of  death  in  some 
of  these  cases  seems  to  indicate  that  it  is  not  due  entirely  to  the  obstruc- 
tion in  the  lungs  and  consequent  non-aeration  of  the  blood.  It  seems 
rather  due  in  great  measure  to  the  fact  that,  as  the  blood  is  prevented 
from  reaching  the  left  ventricle  in  sufficient  amount,  the  brain  and 
medulla  oblongata  are  deprived  of  their  proper  nourishment.  In  such 
cases  the  right  ventricle  will  be  found  dilated,  while  the  lungs  are  pale 
and  probably  over-inflated  by  the  violent  but  ineffectual  respiratory 
efforts.  These  sudden  deaths  after  confinement  used  to  be  explained  as 
cases  of  shock  before  Virchow  pointed  out  their  true  significance. 


Fig.  227.— Oil  or  fat  embolism  of  the  lung.    The  fat  occupies  the  smaller  arteries  and 
extends  into  the  capillaries,  which,  towards  the  right,  form  a  network  iniected  with  oil 
X  90.  (Thiebfelder.) 

Eeference  has  already  been  made  to  the  special  form  of  oil  embolism. 
When  the  subcutaneous  fat  has  been  much  torn  by  injury,  or  when  in 
fracture  of  a  bone  the  marrow  is  much  broken  up,  then  fat  is  apt  to  find 
its  way  into  the  veins,  and  this  is  especially  the  case  when  the  open 
mouths  of  the  veins  in  the  broken  bone  come  in  contact  with  the  fluid 
fat  rendered  free  by  the  tearing  of  the  adipose  tissue.  The  fat  is 
carried  by  the  veins  to  the  right  heart  and  thence  to  the  lungs.  It 


530 


DISEASES  OF  THE  ORGANS  OF  RESPIRATION. 


floats  in  the  blood  as  larger  or  smaller  drops,  and  it  may  obstruct 
branches  of  the  pulmonary  artery  of  not  inconsiderable  size,  and  fre- 
quently produces  extensive  injection  of  the  capillaries  (see  Fig.  227). 
If  the  obstruction  be  extensive,  even  though  the  capillaries  are  the 
vessels  mainly  affected,  then  serious  results  may  follow.  We  may  have 
diapedesis  and  condensation,  but  in  a  scattered  irregular  form.  When 
the  lungs  are  laid  open  by  incision,  the  fat  drops  may  sometimes  be 
detected  with  the  naked  eye  by  their  glancing  character  as  they  have 
issued  on  the  cut  surface. 

Pulmonary  Hemorrhage.— We  have  still  to  refer  to  certain  forms 
besides  the  haemorrhagic  infarction.  The  haemorrhage  Avhich  occurs  in 
heart  disease,  and  which  leads  on  to  brown  induration,  has  been  con- 
sidered already.  That  Avhich  so  frequently  occurs  in  phthisis  will  be 
taken  up  afterwards.  Then  there  is  haemorrhage  in  consequence  of 
tearing  of  the  lung  by  a  broken  rib  or  otherwise.  It  is  asserted  also 
that  there  may  be  rupture  of  a  branch  of  the  pulmonary  artery  from 
fatty  degeneration  of  its  walls,  as  we  may  have  haemorrhage  in  the  brain 
from  atheroma,  but  this  is  excessively  rare. 

In  the  case  of  tearing  or  rupture  there  is  a  massive  haemorrhage, 
and  the  blood  forms  a  cavity  for  itself  just  as  it  does  in  a  cerebral 
haemorrhage.  To  such  conditions  some  would  apply  the  name  pulmon- 
ary apoplexy,  but  as  this  is  more  frequently  used  to  designate  the 
haemorrhagic  infarction,  it  is  perhaps  better  to  discontinue  its  use.  Ac- 
cording to  Eokitansky,  blood  thus  effused  may  become  encapsuled  and 
subsequently  become  infiltrated  with  lime  salts  like  a  foreign  body. 

When  the  haemorrhage  is  from  the  bronchial  mucous  membrane  or 
the  lung  alveoli,  then  it  appears  in  the  sputum.  To  some  extent,  how- 
ever, the  blood  remains  in  the  air-passages,  and  if  it  be  in  considerable 
quantity  it  may  even  be  carried  in  considerable  quantity  into  the  lung 
alveoli.  The  blood,  in  this  case,  is  mixed  with  air,  and  there  is  no  such 
condensation  as  that  which  occurs  in  the  haemorrhagic  infarction.  In 
the  lung  alveoli  the  blood  acting  as  a  foreign  body  irritates  the  tissue 
and  a  catarrhal  inflammation  may  result.  In  such  cases  large  catarrhal 
cells  may  occupy  the  alveoli  wherever  the  blood  has  penetrated,  and 
these  cells  may  be  deeply  stained  with  the  colouring  matter  of  the 
blood. 

It  is  stated  that  blood  insufflated  in  large  quantities  may  even 
<;ause  necrosis  of  the  lung  tissue  in  which  it  lies,  and  so  give  rise  to  a 
condition  like  that  of  the  infarction.    This  may,  perhaps,  occur  when 
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the  lung  is  already  seriously  damaged,  as  in  phthisis  pulmonalis,  but 
hardly  in  an  otherwise  healthy  lung.  It  is  also  possible  that  blood  may 
be  drawn  into  cavities  and  form  fibrinous  plugs  there. 


INFLAMMATIONS  OF  THE  LUNGS. 

Acute  Pneumonia. — This  is  a  disease  essentially  of  the  lung  alveoli, 
and  as  the  most  prominent  feature  is  the  exudation  of  fibrine  into  the 
alveoli,  it  is  frequently  called  croupous  pneumonia.  Its  causation  is 
somewhat  obscure.  In  considering  the  causation  of  inflammations  in 
general  we  have  already  referred  to  the  fact  that  an  irritant,  such  as 
carbohc  acid,  conveyed  by  the  blood  to  the  lungs  may  produce  pneumonia. 
The  fact  that  the  disease  affects  whole  lobes  of  the  lung  is  also  in  favour 
of  the  view  that  the  irritant  is  conveyed  by  the  blood.  Many  physi- 
cians regard  it  as  belonging  to  the  group  of  zymotic  diseases,  and  in 
favour  of  this  is  the  fact  that,  while  usually  endemic,  it  sometimes 
assumes  an  epidemic  prevalence.  Lately  'Itoch  and  others  have  asserted 
that  a  bacillus  is  present  in  the  lung  tissue.  Koch  finds  it  in  the 
alveoli,  but  only  in  places  where  the  disease  is  advancing,  the  condition 
in  this  respect  resembling  that  in  erysipelas. 

The  disease  is  an  acute  inflammation,  and  as  the  lung  alveoli  possess 
merely  a  single  layer  of  pavement  epithelium  the  inflammation  re- 
sembles that  of  serous  rather  than  of  mucous  membranes.  As  in 
the  former  we  have  here  a  fibrinous  exudation,  and  though  this  occurs 
primarily  and  mainly  in  the  alveoli,  the  fibrine,  as  we  shall  see,  gener- 
ally extends  to  the  finer  bronchi,  forming  casts  of  them. 

Pneumonia  has  been  divided  into  three  stages,  a  preliminary  one  of 
engorgement,  a  second  one  of  hepatization,  which  is  divided  into  two 
divisions,  red  and  grey  hepatization,  and  lastly  the  stage  of  resolution. 
By  separating  the  second  stage  into  its  two  divisions  we  shall  have  four 
stages,  under  which  arrangement  it  will  be  considered  here,  namely, 
engorgement,  red  hepatization,  grey  hepatization,  and  finally  purulent 
infiltration  and  resolution. 

In  the  first  stage,  that  of  engorgement,  the  lung-capillaries  are  highly 
injected,  and  there  is  an  exudation  of  serous  fluid  into  the  air  vesicles. 
To  the  naked  eye  the  affected  portion  of  lung  is  of  a  dark  red  colour, 
to  the  touch  it  is  inelastic,  and  the  finger  applied  to  the  surface  leaves  a 
pit  behind.  On  section  a  reddish  serum  flows  out,  and  the  tissue  does 
not  crepitate  under  the  knife  so  much  as  in  the  natural  state.  Though 
heavier  than  usual,  the  diseased  portion  of  lung  still  contains  some  air 
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and  therefore  usually  floats  in  water.  This  state,  from  the  resemblance 
of  the  cut  surface  of  the  diseased  lung  to  the  spleen,  has  been  called 
SPLENIZATION.  So  far  as  the  merely  anatomical  condition  is  concerned 
the  lung  is  very  much  in  the  same  state  as  in  passive  hypersemia  and 
oedema,  such  as  we  see  in  the  ordinary  hypostatic  engorgement,  and 
we  have  seen  that  the  same  term  splenization  is  applied  there.  In  the 
present  case,  however,  the  splenization  is  not  localized  in  the  dependent 
parts  as  in  the  other,  but  it  affects  a  definite  region  of  lung,  generally  the 
lower  lobe  as  a  whole,  along  with,  perhaps,  a  portion  of  the  upper.  The 
hypersemia  and  oedema  are,  of  course,  inflammatory  in  character,  and 
the  serum  is  the  inflammatory  exudation.  Like  other  inflammatory 
exudations,  this  fluid  contains  leucocytes  and  also  red  blood  corpuscles, 
sometimes  in  large  numbers.  As  the  alveoli  are  filled  with  serous  fluid, 
the  air  bubbling  in  and  out  among  it  during  respiration  produces  the  fine 
crepitation  which  is  the  characteristic  auscultatory  sign  of  this  stage. 

In  the  second  stage,  that  of  red  hepatization,  we  have  fibrine  ex- 
uded from  the  overfilled  capillary  vessels.  In  consequence  a  coagulum 
(Fig.  228)  comes  to  occupy  the  lumen  of  the  vesicles 
and  inf  undibula,  instead  of  the  mixture  of  serous  fluid 
and  air  which  is  present  in  the  first  stage.  But  the 
coagulum  is  not  entirely  composed  of  the  fibrine 
effused  from  the  vessels;  it  contains,  in  addition, 
abundant  leucocytes  and  red  corpuscles  which  are 
often  so  abundant  as  almost  to  conceal  the  fibrine. 
The  fibrine  may  be  detected  as  a  coarse  network 
with  interlacing  fibres  (Fig.  229).  The  capillaries  of 
the  lung  are  in  much  the  same  state  of  over-distension 
as  in  the  first  stage,  and  the  lung-parenchyma  is 
bTOifchus  ~  infandita^^  likewiso  little  altered.  The  red  corijuscles  are  j^resent 
ZnSy^ffo'KKKi'L  in  the  alveoli  in  very  varying_  proportion.  They 
andRANviER.)  never  entirely  absent,  but  in  general  form  the 

minority  of  the  total  cells  present;  in  some  cases  they  are  equal 
to  the  white  ones,  in  some  more  abundant.  In  very  rare  cases 
they  are  so  abundant  that  the  exudation  has  more  the  character  of 
an  ordinary  clot  than  of  a  fibrinous  exudation.  In  these  latter 
cases,  which  may  be  described  as  hsemorrhagic  pneumonia,  the  lung 
itself  has  a  deep  red  colour.  These  are  mostly  very  severe  cases, 
and  imply  a  previous  state  of  debility  in  the  patient,  very  commonly 
referrible  to  alcoholic  excess.  In  accordance  with  this  exudation  of  red 
blood  corpuscles  we  have  in  this  and  in  the  preceding  stage,  the  rusty 
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tinge  of  the  sputum  which  is  characteristic  of  pneumonia.  The  appear- 
ance of  the  hmg  in  this  stage  is  somewhat  different  from  that  in  the  first. 


Fig.  229. — Alveolus  filled  with  fibrine  and  a  few  leucocytes,  from  a  case  of  pneumonia 
in  stage  of  red  hepatization,    x  SoO. 

It  retains  its  red  colour,  both  from  the  continuance  of  the  congestion  of  the 
capillaries  and  from  the  red  corpuscles  in  the  exudation.  But  it  is  now 
much  firmer  and  heavier — it  does  not  crepitate  under  the  knife  or 
finger,  and  it  sinks  in  water — no  air  being  any  longer  contained  in  the 
vesicles.  On  section  from  a  sound  part  into  a  hepatized  part,  it  is  ob- 
served that  the  latter  remains  on  a  level  while  the  sound  part  sinks 
away  so  that  the  diseased  part  appears  enlarged.  Even  on  external 
examination  the  affected  part  of  the  lung  looks  bulky.  On  more  close 
examination,  the  cut  surface  has  not  the  homogeneous  velvety  appear- 
ance of  the  lung  in  splenization,  but  a  coarse  granular  appearance,  and 
this  will  be  more  readily  seen  on  tearing  the  tissue  and  examining  the 
torn  surface  with  a  lens.  The  red  granulations  thus  brought  out  are 
undoubtedly  the  plugs  of  fibrine  with  corpuscles  which  fill  the  air 
vesicles.  If  you  stroke  a  surface  so  cut  with  the  blade  of  the  knife  you 
may  succeed  in  getting  one  or  two  casts  of  the  vesicles  and  infundibula 
which,  under  the  microscope,  have  the  appearance  shown  in  figure  228. 
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If  the  bronchial  tubes  be  cut  open  with  scissors,  the  finer  ones  will 
generally  be  found  to  contain  fine  casts  of  soft  fibrine,  as  if  the 
exudation  had  overflowed  from  the  alveoli  into  them.  The  appearance 
of  a  section  of  such  a  lung  has  been  compared,  from  its  solid  charactei- 
granular  surface  and  colour,  to  that  of  the  liver,  hence  the  name  hepa- 
tization applied  to  the  second  stage.  The  solidified  lung  is  a  much 
better  conductor  of  sounds  than  that  filled  with  air ;  hence,  during  life, 
we  hear  the  sounds  of  the  trachea  and  bronchi  much  more  distinctly 
than  usual ;  it  is  as  if  you  put  the  stethoscope  over  the  trachea  itself. 

The  third  stage,  that  of  grey  hepatization,  develops  naturally  out 
of  the  second  (Fig.  230).    In  the  earher  periods  red  corimscles  are  exuded 


Fig.  230. — Section  of  lung  in  grey  hepatization.  The  alveoli  filled  with 
plugs  in  which  are  multitudes  of  round  cells.  In  the  stroma  the  usu.il 
carbonaceous  pigmentation  of  the  lung  is  seen  at  lower  part  of  figure. 
X  00. 


largely,  but  except  in  cases  of  a  haemorrhagic  kind  the  white  very  much 
preponderate  in  the  later  iieriods.  The  leucocytes  swarming  into  the 
alveoli  cover  up  the  red  corpuscles.  The  additional  material  in  the 
vesicles  also  causes  pressure  to  be  exercised  on  the  capillaries,  which  are 
thereby  emptied.  In  this  way  we  have,  instead  of  the  previous  hyper- 
semia,  an  anaemia  of  the  tissue.  In  accordance  with  the  much  less 
abundance  of  red  blood,  and  the  presence  of  an  additional  number  of 
colourless  cells,  the  colour  of  the  tissue  is  changed.    It  retains  the  firm 
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character,  and  the  granular  appearance  of  the  previous  stage,  but  the 
colour  is  grey.  The  pigment  of  the  lung  intermixed  with  the  white 
colour  of  the  multitudinous  cells  gives  the  appearance  which  has  been 
aptly  described  as  marbled. 

In  the  last  stage,  that  of  resolution  and  purulent  infiltration, 
the  lung  returns  to  its  normal  condition.    In  some  cases  the  cells  and 
fibrine  in  the  air  vesicles  undergo  fatty  degeneration,  and  the  plugs 
soften.    The  fat  is  partly  absorbed,  but  to  a  large  extent  the  degener- 
ated corpuscles  are  expectorated.    In  other  cases  the  leucocytes  go  on 
accumulating  in  the  air  vesicles,  and  as  the  fibrine  degenerates  and 
softens  the  alveoli  come  to  contain  what  is  virtually  pus.    The  appear- 
ance of  the  lung  in  these  two  conditions  is  not  very  different,  as  the 
emulsion-like  fatty  material  is  not  unlike  pus.    The  lung  is  still  solid, 
still  sinks  in  water,  but  its  firmness  is  gone,  its  surface  is  pale,  yellowish, 
or  greyish  red,  it  has  lost  the  granular  appearance,  and  a  greyish,  dirty 
fluid  oozes  out,  which  makes  the  surface  so  slippery  that  a  small  por- 
tion is  with  difficulty  lifted  or  held  in  the  fingers.    The  tissue  is  also 
extremely  soft,  and  tears  under  the  mere  pressure  of  the  fingers.  In 
removing  such  a  lung  from  the  body,  unless  care  is  exercised,  pressure 
of  the  fingers  may  rupture  the  tissue,  and  as  the  pus  or  emulsion  flows 
into  the  cavity  it  may  give  rise  to  the  appearance  of  abscesses  in  the 
midst  of  the  lung.    This  stage  may  be  looked  on  as  the  preparation  for 
the  removal  of  the  exudation,  which  takes  place  by  the  degeneration 
and  absorption  of  the  young  cells,  and  by  their  exjDectoration.  The 
exudation  must  have  very  thoroughly  softened  before  it  can  make  its 
way  through  the  narrow  neck  of  the  infundibulum  into  the  bronchus. 
After  the  infundibula  and  vesicles  are  emptied  the  blood  returns  in  full 
force  into  the  capillaries.    Instead  of  the  anaemia  we  have  indeed  a 
hypersemia,  for  the  tissue  has  been  weakened  by  the  inflammation,  and 
is  le?s  able  to  resist  the  blood-pressure  than  formerly.    It  should  be 
remembered  in  practice  that  the  lungs  of  a  pneumonic  patient  take 
some  time  to  recover  from  the  effects  of  the  inflammation,  and  great 
exertion  during  convalescence  should  be  warned  against,  till  the  tissue 
has  recovered  its  tone. 

While  the  above  is  the  most  common  termination  of  Pneumonia 
sometimes  it  does  not  issue  so  fortunately.  The  purulent  infiltration 
may  involve  the  lung  tissue,  and  by  its  sloughing  an  abscess  may  be 
formed.  In  this  way  we  may  have  one  or  several  abscesses  of  various 
sizes,  or  several  may  coalesce  into  one  of  larger  dimensions.    In  the 
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wall  of  the  abscess  a  considerable  vessel  may  rupture,  and  so  we  may 
have  profuse  hsemorrliage.  The  abscess  may  subsequently  burst  into  a 
bronchus  or  the  pleura,  in  the  latter  case  producing  empyema  and 
perhaps  pneumothorax. 

Another  unfortunate  result  which  sometimes  occurs  is  gangrene  of 
the  lung.  This  is  mostly  met  with  in  the  hsemorrhagic  form  and  in 
drunkards,  but  it  may  occur  where  there  is  a  bronchiectatic  cavity  with 
decomposing  contents. 

There  are  some  cases  of  pneumonia  which  end  in  phthisis  pulmon- 
ALis,  and  that  either  in  the  indurative  or  caseous  form.  This  outcome 
is  rare,  and  only  occurs  in  persons  predisposed  to  phthisis.  Another 
rare  result  is  chronic  pneumonia,  whose  description  follows  below.  It 
is  more  common  than  the  termination  in  phthisis,  and  is  probably  mis- 
taken for  the  latter  not  infrequently. 

The  pleura  always  takes  part  more  or  less  in  the  inflammation  of 
the  lung.  The  pleural  surface  of  the  inflamed  portion  of  lung  is  coated 
with  a  white  fibrinous  exudation,  which  is  sometimes  of  considerable 
thickness.  There  is  rarely  any  considerable  serous  exudation  in  the 
pleura,  probably  because  the  lung  distended  with  the  solid  exudation 
fills  the  cavity,  and  by  its  pressure  prevents  the  accumulation  of  fluid. 
Sometimes  the  pleural  exudation  takes  on  a  purulent  character,  and  an 
empyema  may  remain  after  the  resolution  of  the  pneumonia.  In  some 
cases  the  inflammation  extends  to  the  pericardium,  on  the  surface  of 
which  there  may  be  a  slight  fibrinous  exudation. 

Pneumonia  is  an  acute  febrile  disease,  and  so  produces  secondary 
changes  in  the  organs  of  the  body,  generally  comparable  with  those  in 
acute  specific  fevers.  There  is  commonly,  but  not  always,  enlargement 
of  the  spleen.  The  liver  is  usually  enlarged,  and  shows  parenchymatous 
infiltration. 

Chronic  Pneumonia. — This  name  is  one  whose  significance  is 
somewhat  ambiguous,  and  it  will  be  necessary  in  the  first  place  to  define 
the  meaning  attached  to  it  here.  We  include  those  conditions  in  which 
the  lung  tissue  is  the  seat  of  a  simple  chronic  inflammation,  without 
anything  of  a  tubercular  or  otherwise  specific  nature.  The  simplest 
cases  are  those  in  which  an  acute  pneumonia,  instead  of  resolving, 
passes  into  a  chronic  condition.  In  addition  to  that  we  may  have  a 
chronic  inflammation  set  up  by  the  inhalation  of  irritating  particles,  as 
among  potters,  stone-hewers,  etc.    In  old  persons  ordinary  pneumonia 
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is  apt  to  be  chronic,  and  it  may  therefore  be  said  that  senile  pneumonia 
is  inchided  under  the  present  head.  To  a  certain  extent  the  same  is 
true  of  pneumonia  in  drunkards,  and  in  debilitated  persons,  especially 
when  it  affects  the  apex  of  the  lung. 

The  chronic  inflammation  here,  as  in  other  organs,  is  chiefly  charac- 
terized by  a  new-formation  of  connective  tissue,  so  that  induration 
of  the  lung  is  the  result.  In  this  view  of  it  the  terms  chronic  inter- 
stitial pneumonia,  cirrhosis,  sclerosis,  fibroid  phthisis,  are  sometimes 
used  as  being  virtually  of  the  same  meaning  as  chronic  pneumonia. 
But  here  it  is  necessary  to  distinguish  very  carefully.  We  shall  see 
afterwards  that  there  is  a  form  of  phthisis  pulmonalis  in  which  a  great 
new  formation  of  connective  tissue  occurs,  but  the  inflammation  in  that 
case  is  due  to  the  tubercular  virus.  In  the  disease  at  present  under 
consideration  there  is  no  such  irritant  present,  and  the  inflammation  is 
simple.  The  proper  tubercular  fibroid  phthisis  is  a  much  commoner 
condition  than  the  simple  chronic  induration. 

The  appearances  presented  by  the  lung  in  cases  of  acute  pneumonia 
which  have  had  a  prolonged  course  and  have  become  chronic  are  not 


Fig.  231.— Chronic  pneumonia.  The  connective  tissue  is  greatly  increased,  and  the  alveoli 
(a,  a,  a,)  arc  represented  by  contracted  spaces  lined  with  well-formed  epithelium.  The  epi- 
thelium here  is  much  more  distinct  than  in  the  normal  alveoli,    x  350 


unlike  those  of  the  lung  in  the  stage  of  grey  hepatization.  The  disease 
is  generally  confined  to  one  lung,  and  may  affect  only  a  portion  of  it. 
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The  lung  is  bulky  and  dense,  and  feels  solid  to  the  touch.    When  cut 
into,  the  solid  lung  has  usually  a  grey  colour,  although  sometimes  with  a 
tint  of  red,  but  it  has  a  smoother  cut  surface  than  that  in  hepatization 
and  the  tissue  is  also  tougher.    To  this  condition  the  name  iron-grey 
induration  may  be  aptly  applied. 

Under  the  microscope  the  conditions  are  such  as  are  indicated  in  Fig. 
231.  The  walls  of  the  alveoli  are  greatly  thickened  by  fibrous  tissue, 
which  largely  encroaches  on  the  alveoli,  the  epithelium  of  which  is 
preserved,  and  sometimes  occupies  their  interior.  When  it  is  considered 
that  the  lung  as  a  whole  is  not  reduced  in  bulk,  and  that  the  alveoli 
are  in  great  part  empty,  then  the  overgrowth  of  connective  tissue  will 
be  understood  to  be  very  great.  Along  with  the  interstitial  new-for- 
mation there  is  commonly  thickening  and  adhesion  of  the  pleura.  In 
the  condition  hitherto  described,  there  is  no  considerable  obHteration 
of  the  air  vesicles  except  in  so  far  as  they  are  encroached  on  from 
without. 

If  the  disease  progresses  however,  the  new-formed  connective 
tissue  takes  on  a  cicatricial  character  and  by  its  contraction  destroys 
and  contorts  the  proper  lung  tissue.  Just  as  in  the  case  of  cirrhosis  of 
the  hver,  there  is  here  an  atrophy  of  the  normal  structure  and  a  ten- 
dency in  the  organ  to  shrink.  This  leads  to  dilatation  of  the  bronchi 
on  principles  already  enunciated,  so  that  BRONCHIECTASIS  is  a  pro- 
minent feature  in  advanced  cases  of  this  kind.  The  bronchial  secretion 
may  stagnate  in  the  dilated  bronchi  and  decompose;  the  irritation 
of  the  decomposing  juices  sometimes  causes  ulceration,  and  ragged 
cavities  may  thus  form,  so  that  the  condition  closely  resembles  that  of 
phthisis. 

Acute  Catarrhal  Pneumonia  {Bronclw-pneumonia,  Capillarij  Bron- 
chitis).— This  disease  occurs  most  frequently''  in  children,  and  is  in 
them,  as  in  adults,  associated  with  catarrh  of  the  finer  bronchi.  So 
close  is  the  connection  between  the  pulmonary  catarrh  and  that  of 
the  bronchi  that  the  disease  may  very  proj^erly  be  called  broncho- 
pneumonia. The  bronchi  are  first  affected,  and  so  it  may  be  said 
that  the  pneumonia  springs  out  of  a  capillary  bronchitis,  the 
tubes  affected  being  those  of  the  finest  calibre.  In  a  large  proportion 
of  cases  the  bronchitis  originates  in  measles,  or  it  may  occur  in  diph- 
theria, or  small-pox,  or  hooping  cough.  In  adults  it  may  follow  typhoid 
or  other  infectious  fever,  or  it  may  be  the  result  of  the  inhalation  of 
irritating  gases,  or  of  the  presence  of  decomposing  material  or  foreign 
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bodies.  It  is  to  be  noted  that  an  ordinary  bronchial  catarrh,  such  as 
was  described  in  the  section  on  bronchitis,  seldom  goes  on  to  a  catarrhal 
pneumonia,  but  that  for  the  most  part  the  latter  is  due  to  the  existence 
of  some  special  irritant  such  as  the  virus  of  measles  or  decomposing 
juices  in  the  bronchial  tubes. 

We  have  already  seen  that  the  presence  of  blood  in  the  alveoli 
may  cause  it,  and  this  is  a  good  instance  of  the  action  of  a  foreign 
substance  in  its  production.  In  this  regard  it  is  interesting  that  a 
catarrhal  pneumonia  may  be  produced  in  animals  by  division  of  the 
pneumogastric  nerves.  The  pneumonia  here  seems  due  to  stagnation  of 
the  secretion  which  is  no  longer  expelled,  and  to  the  irritation  which 
this  produces. 

As  the  disease  begins  in  the  bronchial  tubes  and  is  propagated  to  the 
lung  tissue,  it  follows  in  its  distribution  the  arrangement  of  the  bron- 
chial tubes  ;  that  is  to  say,  it  occurs  in  a  lobular  form.  Although  the 
disease  is  thus  primarily  lobular,  it  is  clear  that  it  \\all  often  occur  in 
several  neighbouring  lobules,  and  so  a  confe'iderable  tract  of  lung  may 
be  involved.  This  will  be  more  particularly  the  case  when  it  is  due 
to  the  insufflation  of  irritating  substances,  which  may  be  distributed 
in  almost  all  the  lobules  of  the  lung. 

As  the  disease  begins  in  a  catarrh  of  the  finer  bronchi,  there  is  often 
COLLAPSE  of  the  corresponding  portion  of  lung  before  any  actual 
inflammatory  processes  occur  in  it.  The  obstruction  of  the  tubes  with 
tough  secretion  sufficiently  accounts  for  this  collapse.  It  is  a  lobular 
collapse,  and  as  seen  from  the  surface  areas  of  larger  or  smaller  size  are 
depressed  and  of  a  bluish  red  colour.  These  are  mostly  to  be  found  in 
the  first  instance  at  the  posterior  and  inferior  parts  of  the  lung.  In 
other  parts,  and  especially  in  the  upper  lobes,  we  may  have  emphy- 
sema. With  or  without  a  previous  stage  of  collapse,  the  inflammation 
by  and  by  extends  to  the  lung  alveoli.  There  is  a  rich  production  of 
catarrhal  cells,  which  fill  the  alveoli  and  cause  condensation  of  the 
lung.  The  affected  pieces  of  lung  tissue  are  firm  and  pale,  and  again 
present  more  or  less  of  the  lobular  arrangement.  This  condensation 
of  the  lung  tissue  may  be  more  or  less  extensive,  and  as  it  springs 
very  often  out  of  collapse  there  may  be  various  gradations  visible  in  the 
same  lung. 

The  inflammatory  products  in  the  air  vesicles  may  after  a  time 
undergo  fatty  degeneration,  break  down,  and  be  discharged,  some  part 
of  them  being  probably  absorbed  by  the  lymphatics.  In  some  cases, 
however,  the  result  is  not  in  every  part  of  the  lung  so  fortunate.  For 
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one  thing,  the  collapse  may  never  go  on  to  a  proper  condensation,  and 
when  recovery  takes  place  the  collapsed  portion  remains  uninflated. 
Or,  again,  the  catarrh  may  become  chronic,  and,  being  associated  with 
an  interstitial  inflammation,  result  in  a  permanent  induration,  the  alveoli 
being  encroached  on  by  the  growing  connective  tissue,  as  in  the  case 
of  chronic  pneumonia.  In  this  way,  the  person,  though  recovering, 
emerges  from  the  disease  with  a  damaged  lung  ;  according  to  the  extent 
of  the  permanent  damage  will  be  the  shrinking  of  the  lung  and  possible 
displacement  of  organs.  Again,  phthisis  pulmonalis  may  develop  out  of 
an  acute  catarrhal  pneumonia,  but  this  is  fortunately  an  unusual  result. 

The  inflammatory  products  in  this  disease  deserve  particular  notice. 
In  the  acute  capillary  bronchitis  we  have  a  muco-purulent  material 
produced,  and  on  section  of  the  lung  little  yellow  drops  appear  on  the 
cut  surface.  In  the  alveoli  themselves  the  secretion  is  more  apt  to  con- 
tain large  cells  of  epithelial  origin  and  character,  but  here  also  pus  cor- 
puscles or  leucocytes  often  predominate  largely.  These  leucocytes  are 
very  often  not  by  any  means  confined  to  the  surface  of  the  mucous 
membrane  and  the  alveoli,  but  are  often  present  abundantly  in  the 
eonnective  tissue  around  the  bronchi  and  between  the  lobules.  In  fact  .  L 
the  lung  tissue  may  be  largely  over-run  by  leucocytes,  and  the  charac-  J  I 
ters  of  an  acute  interstitial  pneumonia  may  be  added  to  those  of  ^  f 
catarrhal  inflammation. 

It  has  already  been  mentioned  that  the  disease  begins  in  the  bronchi,  , 
and  it  has  been  asserted  by  Buhl  that,  throughout,  the  inflammation  f  f 
remains  confined  to  the  bronchi,  the  inflammatory  products  found  in 
the  alveoli  being  simply  insufflated  from  the  bronchi.    This  view,  how- 
over,  can  hardly  be  maintained,  as  evidence  of  acute  changes  can  actually  : 
be  observed  in  the  epithelium  of  the  alveoh. 


GANGEENE  OF  THE  LUNGS. 

In  this  condition  necrosis  of  a  definite  piece  of  lung  tissue  occurs. 
The  necrosis  is  alwaj's  accomj)anied  or  followed  by  decom^josition,  and 
the  irritating  character  of  the  decomposing  material  plays  an  important 
part  in  the  processes  concerned.  The  gangrene  may  itself  arise  by  the 
action  of  decomposing  material.  If  a  foreign  substance,  such  as  a  piece 
of  solid  food,  gets  into  the  bronchi,  it.  may  induce  a  bronchitis  with 
putrescence  of  the  secretion,  and  the  irritation  of  the  putrid  juices  may 
induce  gangrene  of  the  lurig.  Similarly,  putrid  juices  inspired  from 
ulcers  and  wounds  of  the  mouth  and  air-passages,  or  perforation  of 
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abscesses  or  ulcers  into  the  trachea  or  bronchi  may  set  it  up.  Again, 
the  juices  in  cavities,  especially  in  those  arising  by  dilatation  of  bronchi, 
may  stagnate  and  decompose,  and  lead  to  gangrene.  Wounds  and  con- 
tusions may  cause  necrosis  directly.  Sometimes  the  lung  tissue  dies  in 
severe  cases  of  typhoid  fever  or  other  zymotic  diseases.  We  have  also 
seen  that  gangrene  may  occasionally  follow  the  hsemorrhagic  infarction 
■or  acute  pneumonia,  and  that  it  is  a  constant  feature  of  the  metastatic 
abscess.  Lastly,  there  are  some  cases  in  which  the  cause  of  the  gangrene 
is  obscure,  but  these  cases,  as  well  as  those  with  more  definite  cause,  are 
somewhat  common  in  persons  given  to  alcoholic  excess. 

It  is  customary  to  divide  gangrene  of  the  lung  into  a  circumscribed 
and  a  diffuse  form.  In  both  the  lung  tissue  dies  and  decomposes,  ulti- 
mately becoming  separated,  if  the  patient  survive,  as  a  shreddy  slough, 
which  occupies  the  cavity  formed  by  the  loss  of  tissue.  In  the  diffuse 
form  there  are  gangrenous  patches  throughout  the  lung,  or  a  consider- 
able portion  of  it,  and  there  is  much  less  probability  of  the  effects 
becoming  limited  by  reactive  inflammation  pa.  the  neighbourhood.  The 
diffuse  form  not  infrequently  develojjs  from  the  circumscribed,  the  de- 
composing juices  from  the  slough  causing  still  further  necrosis. 

The  various  changes  which  occur  around  a  gangrenous  piece  of 
lung,  and  in  more  distant  parts  of  the  organ,  are  related  to  the  irritating- 
character  of  the  slough.  These  changes  are  mainly  inflammatory. 
The  immediately  neighbouring  lung  tissue  is  acutely  inflamed,  and 
■  there  is  thus  a  zone  of  condensation  around  having  the  usual  features 
of  acute  pneumonia,  often  with  a  specially  hsemorrhagic  character.  In 
this  inflammatory  zone  the  gangrene  may  advance.  On  the  other  hand 
the  slough  may  be  detached  by  the  inflammatory  process,  and  through 
time,  a  more  chronic  inflammation  having  occurred,  the  slough  may  be 
separated  from  the  lung  tissue  by  a  layer  of  granulation  tissue  which 
produces  pus  abundantly  into  the  interior  of  the  cavity.  If  the  slough 
be  small  enough  the  cavity  may,  after  the  discharge  of  the  slough, 
ultimately  contract  and  form  a  cicatrix,  but  in  the  case  of  larger  sloughs 
a  suppurating  cavity  may  long  remain. 

The  effect  on  the  bronchial  mucous  membrane  is  of  importance.  The 
decomposing  juices  from  the  slough  and  from  the  inflamed  lung  tissue 
find  their  way  into  the  bronchial  tubes,  where  they  set  up  an  acute 
inflammation  of  a  highly  suppurative  character.  A  rich  secretion  of 
putrid  pus  is  the  result.  This  secretion  carried  to  the  bronchi  in  other 
parts  of  the  lung  may  set  up  gangrene  in  numerous  small  isolated 
patches,  and  in  this  way  multiple  small  abscesses  may  occur.    If  the 
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gangrene  be  near  the  surface  an  acute  pleurisy  is  the  result  with 
fibrinous  exudation.  Sometimes  the  cavity  opens  into  the  pleura, 
and  we  have  a  suppurative  pleurisy,  perhaps  with  pneumothorax.' 
An  occasional  complication  of  gangrene  is  haemorrhage.  As  the  slough 
separates  from  the  living  tissue  the  more  resistant  tissues  retain  their 
connection  longest.  The  bronchi  and  larger  vessels  sometimes  remain 
as  rigid  trabecules  in  the  midst  of  the  soft  slough.  The  arteries  remain 
longest  in  connection,  but  they  are  usually  filled  with  thrombi  and 
obliterated.  Occasionally,  however,  the  gangrene  advances  around  an 
artery  which  is  still  pervious,  and  in  that  case  haemorrhage  of  a  serious 
or  even  fatal  character  may  result.  Sometimes  the  gangrene  leads  to 
a  definite  septicaemia,  or  metastatic  inflammations  result,  having  their 
seats  especially  in  the  brain.  In  these  cases  the  decomposing  material 
gets  into  the  pulmonary  veins,  having  first  caused  thrombosis  of  them. 

A  peculiar  feature  in  gangrene  of  the  lung  is  the  very  abundant  and 
highly  putrid  sputum.  The  decomposing  juices  from  the  slough  set  up, 
wherever  they  are  carried,  acute  suppurative  inflammations,  and  the 
abundant  inflammatory  products  also  undergo  decomposition.  The 
bronchial  tubes  being  weakened  by  the  ^severe  inflammation  often 
undergo  dilatation,  and  the  material  stagnates  in  them  all  the  more,  and 
decomposes.  So  it  happens  that  in  the  cavity  itself,  and  in  the  dilated 
bronchi  there  are  usually  large  quantities  of  putrid  secretion.  This  is 
expectorated  at  intervals,  and  sometimes  so  abundantly  that  it  pours 
out  of  nose  and  mouth.  The  sputum  is  extraordinarily  foetid,  and  if 
allowed  to  stand  deposits  triple  phosphates,  crystals  of  margarin,  etc. 
It  also  contains  abundant  pus  cori^uscles,  many  of  them  broken  down 
by  decomposition,  j^ieces  of  lung  tissue,  and  bacteria  isolated  and  in 
colonies.    Sometimes  the  sputum  contains  also  spirilla. 


PHTHISIS  PULMONALIS. 

Under  this  designation  are  included  conditions  in  which  there  is  dis- 
ease of  the  lungs,  accompanied  by  destruction  of  the  lung  tissue  and 
wasting  of  the  body.  The  disease  is  usually  progressive,  but  it  presents 
all  degrees  of  acuteness  and  the  greatest  variety  in  its  duration.  When 
we  look  at  the  lung  removed  from  a  case  of  phthisis,  and  observe  the 
various  appearances,  the  cavities,  the  solidifications,  the  indurations,  the 
yellow  caseous  appearances,  and  so  on,  we  seem  to  see  nothing  but  inex- 
tricable confusion.  And  when  we  subject  the  phthisical  lung  to  micro- 
scopic examination,  the  confusion  is  hardly  reduced.    We  see  evidences 
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^  of  infiammation  affecting  bronchi,  alveoli,  and  interstitial  tissue ;  we  see 
,  the  inflamniatory  products  undergoing  processes  of  degeneration  and 
i  organization  ;  we  see  tubercles,  also  variously  modified ;  but  the  inter- 
'  relation  of  the  various  conditions  is  by  no  means  apparent.  It  is 
]  clear  that  there  is  some  serious  disturbing  cause  j)resent,  but  the 
;  connection  of  the  various  phenomena  with  this  cause  is  not  clear. 
I 

In  accordance  with  our  usual  method  it  will  be  proper  here  to  inquire 
what  is  the  CAUSE  of  phthisis  pulmonalis.  We  shall  put  aside  in  the 
meantime  the  true  tubercles  which  are  of  almost  constant  occurrence 
in  most  forms  of  phthisis,  and  looking  merely  at  the  anatomical  changes 
in  the  lung  tissue  we  shall  find  them  comprised  under  the  two  processes 
— namely,  inflammation  and  necrosis.  The  inflammation  manifests  itself 
in  the  interstitial  connective  tissue,  in  the  alveoli,  and  in  the  bronchi ;  and 
the  necrosis  involves  inflammatory  products  and  lung  tissue.  We  shall 
see  afterwards  that  in  different  cases  the  different  structures  of  the  lungs 
are  involved  to  a  varying  degree,  but  in  a  large  proportion  we  have  both 
catarrhal  and  interstitial  inflammations  to  ^ome  extent.  Now,  we  have 
seen  that  inflammations  arise  as  the  result  of  the  action  of  some  irritant 
and  that  necrosis  frequently  goes  along  with  inflammation  if  the  irritant, 
be  a  severe  one.  We  have  to  inquire  here  what  may  be  the  nature 
of  the  irritant,  and  what  may  be  the  cause  of  the  necrosis  which  is  such 
a  frequent  concurrent. 

There  are  some  cases  of  phthisis  which  owe  their  origin  to  syphilis. 
The  syphilitic  virus,  here,  as  in  other  organs,  gives  rise  mainly  to  an 
interstitial  inflammation.  Along  with  this  we  find,  in  some  cases,  at 
intervals  that  more  pronounced  new-formation  of  granulation  tissue 
which  is  designated  the  gumma.  In  the  gumma  we  have  caseous 
necrosis,  so  that  in  this  disease  we  may  have,  as  in  ordinary  phthisis, 
the  combination  of  inflammation  and  necrosis.  But  syphilitic  j)hthisis 
is  a  rare  disease,  and  in  the  vast  majority  of  cases  of  phthisis,  syphilis 
has  nothing  to  do  with  it. 

There  can  now  be  little  doubt  that  in  the  ordinary  forms  of  phthisis 
there  is  a  virus  present,  and  that  this  is  related  to  the  micro-organism 
already  referred  to  and  described  at  p.  164.  It  is  not  to  be  asserted  that 
the  existence  of  this  organism  explains  everything.  We  must  presume 
a  previous  state  of  susceptibility  in  the  individual,  but  when  this  exists 
the  virus  takes  possession,  and  all  the  progressive  lesions  are  apt  to 
follow. 
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It  may  be  well  here  to  refer  briefly  to  the  various  phases  through 
which  the  views  as  to  the  pathology  of  phthisis  have  gone  since 
the  time  of  Lsennec,  especially  as  many  of  the  terms  in  common  use 
in  connection  with  the  disease  are  related  to  some  of  these  views. 

Lsennec  beheved  that  there  was  a  particular  tubercular  matter  which 
was  liable  to  be  deposited  in  the  lungs  or  elsewhere.  It  might  be 
deposited  in  isolated  places,  forming  miliary  tubercles,  or  infiltrated  into 
a  considerable  portion  of  lung,  forming  infiltrated  tubercle.  In  both 
cases  the  deposit  usually  begins  as  a  grey  transparent  structure,  which, 
however,  is  prone  to  change  into  a  yelloAv  or  whitish  material  which 
is  drier  and  harder.  This  yellow  material  was  called  yellow  or  crude 
tubercle,  whether  occurring  in  the  isolated  or  in  the  infiltrated  form. 
All  cases  were  regarded  as  tubercular  in  which  there  Avere  either  isolated 
nodules  or  extensive  infiltrations,  whether  these  were  grey  or  yellow. 

By  and  by  it  came  to  be  seen,  however,  that  many  of  the  conditions 
in  phthisis  are  simply  inflammatory.  The  minute  histological  charac- 
ters of  what  we  now  call  the  tubercle  were  discriminated,  and  the 
essentially  inflammatory  processes  were  sought  to  be  separated  from  the 
tubercular.  It  was  shown  that  the  existence  of  caseous  material  is  no 
evidence  of  tuberculosis,  since  the  ordinary  products  of  inflammation 
and  other  new-formations,  such  as  tumours,  may  imdergo  this  change, 
which,  in  its  essence,  is  really  a  necrosis  with  degeneration  of  the  struc- 
tures concerned.  In  phthisis,  then,  the  process  is  largely  an  inflamma- 
tory one,  with  the  special  tendency  in  the  products  of  inflammation  to 
undergo  a  caseous  metamorphosis.  In  this  way  arose  Virchow's  desig- 
nation caseous  pneumonia— namely,  an  inflammation  with  a  caseous 
tendency  in  its  products,  just  as  scrofulous  disease  of  the  glands  is  an 
adenitis  with  a  similar  tendency. 

When  the  lungs  in  phthisis  were  more  particularly  examined,  how- 
ever, it  was  found  that  the  condition  is  not  such  a  purely  inflammatory 
one  as  Virchow's  position  would  indicate.  In  all  stages  of  the  disease 
tubercles  are  to  be  found  alongside  the  inflammatory  products.  The 
tubercles  undergo  changes  similar  to  these,  and  it  is  often  difiicult  to 
discriminate  between  the  two,  especially  when  caseous  metamorphosis 
has  occurred.  But  in  nearly  all  cases  where  the  disease  is  advancing 
proper  tubercles  are  to  be  found  along  with  the  inflammatory  condi- 
tions. 

The  more  modern  position  brings  us  back  more  nearly  to  that  of 
Lsennec.  Again  Ave  regard  phthisis  as  a  tubercular  disease,  but  not 
merely  in  the  general  sense  of  Lsennec.    We  are  to  observe  carefully 
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the  inflammatory  processes  and  distinguish  their  effects  on  the  lung 
tissue.  Our  position  differs  also  from  Lsennec's  in  respect  that  he  re- 
garded a  particular  state  of  the  constitution  as  the  essential  cause  of  the 
tuberculosis.  It  is  not  to  be  denied  that  the  lungs  must  be  in  a  state 
of  susceptibility  before  they  can  be  affected  by  the  tubercular  virus,  but 
the  same  may  be  said  concerning  any  form  of  tuberculosis,  and  indeed 
■  concerning  ordinary  inflammatory  processes.  We  know  that  different 
persons,  or  the  same  person  at  different  times,  are  very  variously  sus- 
ceptible to  catarrhs,  and  to  inflammations  of  all  sorts. 

We  are  to  regard  phthisis  pulmonalis  as  a  local  tuberculosis, 
in  which  chronic  inflammatory  processes  and  the  actual  formation  of 
tubercles  play  their  parts,  and  both  lead  on  to  necrosis  and  ulceration. 

It  is  necessary  here  to  observe  that  phthisis  pulmonaHs  has  nothing 
to  do  with  acute  mihary  tuberculosis  of  the  lungs.  This  condition  is 
merely  part  of  a  general  tuberculosis  in  which  the  virus  is  in  the  blood. 
Phthisis  may  indeed  give  origin  to  general  tuberculosis  by  the  virus 
getting  into  the  blood  in  sufficient  quantity,  but  it  does  so  very  rarely, 
and  the  great  majority  of  cases  of  general  tuberculosis  are  not  even 
associated  with  phthisis  pulmonalis. 

We  have  still  to  consider  the  conditions  of  the  lungs  which  pre- 
dispose to  the  occurrence  of  phthisis,  and  the  path  by  which  the 
tubercular  virus  finds  access  to  the  lungs.    All  authors  seem  agreed 
that  phthisis  is  in  many  cases  hereditary.    That  is  to  say,  persons  are 
born  with  a  condition  of  lungs  which  renders  them  peculiarly  sus- 
ceptible to  the  changes  which  are  to  be  described  below.  Taking 
the  view  that  these  changes  are  due  to  the  tubercular  virus  it  seems 
that  persons  are  born  with  constitutions  peculiarly  incapable  of  resist- 
ing the  action  of  the  virus.    It  need  hardly  be  said  that  this  is  per- 
fectly consistent  with  Avhat  we  know  concerning  other  diseases.  There 
are  families  in  which  diphtheria  and  scarlet  fever  make  the  most  serious 
ravages,  and  there  are  others  which  they  never  attack.    There  are  per- 
sons who  are  aittacked  by  every  form  of  fever  in  turn,  there  are  others 
equally  exposed  who  take  none.    But,  besides  an  inherited  liability 
there  is  an  acquired  tendency  to  phthisis.    This  occurs  principally  in 
persons  placed  in  circumstances  in  which  the  general  health  is  reduced, 
and  where  especially  the  respiratory  functions  do  not  get  justice.  Per- 
sons hvmg  in  close  dwellings,  especially  when  at  their  work,  in  fac- 
tories and  othermse,  they  are  in  the  habit  of  breathing  vitiated  air 
m  which,  it  may  be,  finely  divided  dust  is  abundantly  suspended' 
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frequently  acquire  ti  tendency  to  phthisis  although  originally  free 
from  it. 

We  have  now  to  inquire  as  to  the  PATH  OF  entrance  of  the  irritant 
to  the  lungs.  In  the  study  of  the  lesions  met  with  we  shall  find  that 
they  all  start  at  the  finer  bronchi.  A  catarrh  of  the  finest  bronchial 
tubes,  usually  occurring  in  a  number  of  these  simultaneously,  is  the 
starting  point  of  a  variety  of  lesions,  which,  however,  for  a  considerable 
time  remain  related  to  the  bronchi  in  their  distribution.  This  is  a 
sufficient  indication  that  the  agent  finds  access  to  the  lungs  by  the 
inspired  air. 

Before  leaving  the  etiology  of  phthisis,  we  may  consider  its 
almost  uniform  LOCALIZATION  AT  THE  APEX  of  the  lungs,  at  least  at  the 
outset.  The  cause  of  this  localization  is  generally  regarded  as  obscure, 
but  as  has  been  hinted  it  has  probably  to  do  with  the  fact  that 
the  apices  of  the  lungs  are  the  least  ej^pansile  portions.  The  first 
rib  even  in  women  is  very  little  raised  in  inspiration,  and  in 
^Dersons  with  weak  respiratory  movements  the  air  is  apt  to  stagnate 
at  the  apex.  This  view  receives  some  confirmation  from  the  fact 
that  phthisis  so  frequently  improves  when  the  patients  go  to  reside 
in  high  altitudes  where  the  rarefied  air  requires  more  vigorous 
respiratory  efforts.  In  such  persons  the  size  of  the  chest  as  a  whole 
generally  undergoes  an  increase.  If  the  localization  of  the  disease  at 
the  apices  is  due  to  imperfect  expansion  of  the  lungs,  then  this  will  fall 
in  perfectly  with  the  \iew  that  the  disease  originates  in  a  virus  inhaled 
from  without.  If  the  air  stagnates  the  virus  will  remain  lying  in  the 
lung  and  will  have  time  to  develop  and  begin  its  disastrous  effects. 
Koch  found  that  the  bacillus  is  of  slow  development,  at  least  at  first, 
so  that  the  absence  of  disturbance  will  greatly  favour  its  growth. 

Anatomical  changes  in  phthisis.— In  studying  the  changes 
in  the  lung  it  will  be  necessary  to  give  descriptions  of  the  various 
processes  separately,  and  to  a  certain  extent  these  processes  are 
separable,  but  at  the  same  time  it  will  be  understood  that  many 
of  them  go  together  and  by  their  simultaneous  occurrence  frequently 
mask  each  other.  It  may  be  said  in  general  that  the  disease,  be- 
ginning in  the  finer  bronchi,  tends  to  spread  in  one  of  two  direc- 
tions, or  in  both  of  them  at  once,  namely,  from  the  bronchus  to 
the  surrounding  connective  tissue  and  on  into  the  general  connec- 
tive tissue  of  the  lungs,  or  else  along  the  bronchus  to  the  lung  alve- 
oli.    In  both  cases  we  find  tubercles  developed  in  all  stages  of  the 
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process,  and  in  both  there  is  inflammation,  but  of  different  kinds  accord- 
ing to  the  structures  involved.  In  the  case  of  the  connective  tissue  the 
inflammation  produces  new-formation  of  connective  tissue  and  conse- 
quent induration.  In  the  case  of  the  alveoli  it  is  a  catarrh,  although 
the  alveolar  wall  may  be  at  the  same  time  involved.  It  is  exceedingly 
difficult  to  say  what  determines  the  one  or  the  other  mode  of  extension, 
Init  it  is  probable  that  it  depends  on  individual  peculiarities.  Some 
persons  are  peculiarly  liable  to  catarrh  of  the  alveoli,  and  some  are  not. 
It  is  important  to  observe  that  the  tubercles  which  occur  in  both  cases 
partake,  to  a  considerable  extent,  in  the  peculiarities  of  the  inflamma- 
tions. In  the  case  of  extension  to  the  connective  tissue  the  tubercles 
tend  to  undergo  fibrous  transformation.  In  the  other  case  they  are 
liable  rather  to  caseous  metamorphosis.  As  the  morbid  changes  begin 
in  the  bronchial  tubes  we  shall  begin  our  description  by  the  processes 
met  with  there. 

Condition  of  the  bronchi.— The  most  constant  primary  change  is 
catarrh,  but  it  is  a  much  more  chronic  catfaft^rh  than  that  of  ordinarj^ 
bronchitis.  "Whether  catarrh  occurs  without  the  formation  of  tubercles  or 
not,  it  is  imj)ossible  to  say,  but  certainly  tubercles  are  to  be  found  at  a 
comj)aratively  early  period.  The  catarrhal  products  sometimes  dry-in  and 
become  caseous,  especially  when  the  phthisis  passes  on  to  catarrh  of  the 
alveoli.  This  change  may  also  occur  in  the  other  form  of  extension,  and 
we  may  find  a  bronchus  plugged  with  a  Avhite  mass  and  surrounded  by 
indurated  connective  tissue.  The  catarrh  is  not  infrequently  accom- 
[)anied  by  ulceration  of  the  bronchial  mucous  membrane,  and  little  cavities 


Fig.  232. -Tubercular  ulcer  of  bronchus  ;  a,  mucous  membrane  •  b  muscnl-ir  coat  Af 

frequently  arise  in  this  way,  the  cavity  appearing  to  the  naked  eye  to 
form  a  sacculated  dilatation  of  a  small  bronchial  tube.  These  ulcers  are 
surrounded  by  inflamed  and  indurated  connective  tissue,  in  the  midst 
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of  which  numerous  tubercles  are  to  be  found  (see  Fig.  232).  The 
ulcer  here  is  essentially  like  the  tubercular  ulcer  of  the  intestine  or  the 
urino-genital  canals.  We  shall  next  consider  the  appearances  presented 
when  the  irritation  extends  from  the  bronchi  to  the  surrounding  con- 
nective tissue,  in  which  case  the  resulting  inflammation  may  be  desig- 
nated PERIBRONCHITIS. 

Acute  Peribronchitis.— In  some  vqry  rapid  cases  the  peribron- 
chitis is  acute,  and  may  even  be  purulent.  Suppuration  occurs  in 
the  bronchial  wall  as  well  as  in  the  surrounding  tissue,  and,  these 
structures  being  broken  up,  a  kind  of  acute  abscess  is  formed.  Some  of 
these  abscesses  may  be  near  the  surface  and  by  rapidly  underminin- 
the  pleura  cause  it  to  slough.  By  the  separation  of  the  sloughs  the 
cavity  of  the  abscess  may  come  to  communicate  with  the  pleural  cavit}- 
and  so  pneumothorax  may  result.  The  peribronchitis,  however,  is  very 
rarely  the  only  prominent  condition.  Along  with  it  there  is  inflammation 
of  the  alveoli,  but  here  too  it  is  an  acute  inflammation,  and  the  jDroducts 
are  small  round  cells  rather  than  the  larger  epithelioid  elements  of  cat- 
arrhal inflammation.  This  inflammatory  condition  of  the  alveoli  existing 
in  the  neighbourhood  of  the  suppurating  bronchi  assists  in  the  formation 
of  the  abscesses.  Sometimes  there  is  even  a  gangrenous  condition  de- 
veloped, and  actual  sloughing  of  pieces  of  lung  tissue  occurs.  Acute 
cases  such  as  these  bespeak  a  pecuhar  virulence  of  the  morbid  agent  or 
a  peculiar  susceptibility  of  the  patient.  They  usually  pass  rapidly  on 
to  a  fatal  issue  Avith  high  fever.  In  some  cases  recovery  takes  place, 
the  pus  dries-in  or  is  discharged,  and  the  abscesses  become  surrounded 
by  indurated  connective  tissue  and  contract. 

Fibrous  peribronchitis.  Fibroid  phthisis. — This  is  a  chronic 
process,  and  is  more  common  than  the  acute  condition  just  de- 
scribed. In  an  early  stage  of  this  disease  the  lung,  especially  in  the 
upper  lobes,  may  be  found  dotted  over  Avith  hard  masses,  often  nearl)^ 
black  in  colour.  These  are  small  in  size  and  isolated.  On  examination 
they  are  found  to  consist  each  of  a  small  bronchus  surrounded  by 
indurated  and  pigmented  connective  tissue  in  which  tubercles  are  to  be 
found.  -The  disease  has  begun  in  a  set  of  bronchi  of  nearly  the  same 
size  and  has  produced  similar  results  in  all.  The  appearances  of  inflam- 
mation here  are  similar  to  those  in  other  parts.  The  mucous  mcmliranc 
and  the  connective  tissue  outside  are  infiltrated  with  round  cells,  whicli 
as  usual  develop  dense  connective  tissue.    Sometimes  there  are  tuber- 
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cular  ulcers  of  the  bronchi  having  the  characters  already  described.  It 
has  been  stated  above  that  these  nodules  are  often  nearly  black  in 
colour.  This  colouration  is  derived  from  the  blood-pigment,  and  may 
be  an  indication  of  the  existence  of  minute  haemorrhages,  or  else  of 
occlusion  of  the  vessels  by  the  contracting  tissue  and  staining  of  the 
tissue  mth  the  colouring  matter  dissolved  out  from  the  blood  left  in  the 
ol)structed  vessels.  It  is  to  be  noted  that  in  this  stage  considerable 
hemorrhage  may  take  place  into  the  bronchi.  The  haemorrhage  from 
each  spot  may  be  trifling,  but  from  many  together  a  severe  haemoptysis 
may  occur.  Some  cases  of  haemoptysis  before  any  clinical  signs  of 
phthisis  have  manifested  themselves  are  of  this  kind.  The  blood  may  to 
some  extent  come  from  the  tubercular  ulcers,  but  apj)arently  this  is  not 
necessary.  In  many  cases  this  tendency  to  pigmentation  is  manifest 
throughout  the  disease,  and  the  extensive  formations  of  connective  tissue 
which  occur  are  frequently  of  a  slaty  colour. 

The  new  formation  of  connective  tissue  may  limit  itself  for  a 
considerable  time  to  the  neighbourhood  of  i€he  bronchial  tubes,  and  the 
nodules  may  enlarge.  But  as  a  rule  it  slowly  extends  outwards  to  the 
interstitial  tissue  of  the  lungs  generally.  An  extensive  new  formation 
of  dense  connective  tissue  thus  occurs  throughout  the  lungs.  The 
normal  connective  tissue  of  the  lungs  lies  mainly  around  the  bronchi 
and  vessels,  and  between  the  lobules,  and  it  forms  one  sj^stem  with  the 
subpleural  layer,  the  tissue  in  these  three  situations  being  in  intimate 
connection  by  means  of  the  lymphatics.  Hamilton  has  pointed  out  very 
instructively  how  foreign  material  such  as  dust  when  inhaled  and  con- 
veyed into  the  lung  tissue  is  carried  about  the  lung  and  deposited  in  these 
three  situations.  In  similar  fashion  the  irritant  in  the  condition  under- 
consideration  seems  to  be  conveyed  and  produces  inflammatory  indura- 
tion everywhere.  The  new-formed  connective  tissue  may  be  found  in 
diff'erent  stages  of  development,  according  to  the  particular  part 
examined.  We  may  find  mainly  round  cells,  spindle  cells,  or  a  dense 
tissue  like  that  of  the  cicatrix,  in  which  only  small  spindle  cells  are  to 
be  found.  In  all  these  stages  tubercles  can  be  seen,  and  they  also,  as 
they  undergo  fibroid  transformation,  present  various  appearances.  In 
the  later  stage  the  tubercles  are  represented  merely  by  a  concentric 
arrangement  of  the  dense  connective  tissue  at  intervals,  this  concentric 
appearance  being  sometimes  emphasized  by  the  existence  of  pigment. 

^  If  the  lung  be  examined  when  this  disease  is  fully  developed,  there 
will  be  found,  to  begin  with,  a  very  firm  adhesion  of  the  pleura  over  the 
diseased  part.    The  pleura  often  undergoes  a  very  remarkable  thickening 
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retwihing  sometimes  lialf  an  inch,  and  the  thickened  portion  may  form  a 
kind  of  hard  cap  at  the  apex  of  the  lung.  When  cut  into  there  are 
trabeculae  of  firm  tissue  traversing  the  lung,  and  frequently  retaining 
something  of  the  interlobular  arrangement  in  respect  that  the  trabeculai 
tend  to  pass  towards  the  root  of  the  lung.  The  lung  tissue  which 
remains  in  the  midst  of  these  masses  of  connective  tissue  is  often 
emphysematous,  but  the  dilated  alveoK  present  also  thickening  of 
their  walls. 

Besides  all  this  there  are  commonly  cavities,  and  sometimes  these 
are  of  very  large  dimensions.  The  cavities  have  as  a  rule  the 
characters  of  BRONCHIECTASIS.  The  bronchiectatic  cavity  has  a 
distinct  lining  membrane  which  may  limit  it  from  surrounding  lung 
tissue.  This  lining  membrane  is  sometimes  directly  continuous  with 
the  bronchial  membrane,  and  the  cavity  may  be  obviously  continuous 
with  the  bronchus,  having  sometimes  an  elongated  shape  with  sac- 
culated dilatations.  But  the  cavities  are  often  much  more  than  mere 
dilatations  of  the  bronchi.  We  may  find  almost  the  entire  upper  lobe 
forming  one  cavity  with  a  distinct  lining  membrane,  and  with  partial 
septa  radiating  from  the  neighbourhood  of  the  root  of  the  lung. 

The  occurrence  of  emphysema  and  cavities  in  this  form  of  phthisis 
merits  more  particular  consideration.  The  EMPHYSEMA  is  largely 
compensatory.  By  the  formation  and  contraction  of  the  connective 
tissue  large  numbers  of  alveoli  are  destroyed  and  the  remaining  ones 
dilate  to  fill  up  the  space.  The  cavities  are  obviously  formed 
in  connection  with  the  bronchial  tubes.  To  a  certain  extent  the 
dilatation  is  compensatory  like  the  emphysema,  and  the  inflammatory 
infiltration  of  the  wall  may  allow  more  readily  of  dilatation.  It  is  to  be 
remembered  also  that  tubercular  ulceration  often  accompanies  the 
process,  and  where  this  exists  dilatation  will  more  readily  occur; 
besides  that,  a  gap  caused  by  ulceration  may,  as  we  have  seen,  have 
much  the  appearance  of  a  dilatation.  There  is  another  way  in  which 
dilatation  of  the  bronchi  occurs,  and  this  has  been  well  described 
by  Hamilton.  There  are  agents  at  work  which  may  directl}'-  pull  out 
the  bronchial  wall.  We  have  seen  that  there  is  usually  thickening  and 
adhesion  of  the  pleura  on  the  one  hand,  and  the  peribronchial 
induration  on  the  other.  Between  these  there  is  the  indurated 
interlobular  connective  tissue,  which  by  its  contraction  tends  to 
approximate  the  two.  As  the  pleura  is  fixed  to  the  chest  wall 
by  firm  adhesions  there  is  a  dragging  in  of  this  wall,  producing  the 
flattening  of  the  apex  which  is  sometimes  so  very  marked  in  this 
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disease.  But  the  bronchial  wall  is  also  drawn  outwards,  at  first 
unequally,  so  that  the  cavity  is  an  irregular  one. 

There  is  still  another  method  by  which  cavities  form  in  this  disease ; 
it  has  been  already  referred  to  and  compared  to  that  of  ^  the 
formation  of  the  retention-cyst.  The  peribronchial  connective  tissue 
may  contract  concentrically  and  obstruct  small  bronchial  tubes,  or  the 
obstruction  may  be  assisted  by  the  drying-in  of  the  catarrhal  products 
in  the  lumen  of  the  tube.  If  a  small  tube  be  thus  obstructed  the 
secretion  may  accumulate  behind  and  cause  dilatation  of  the  tube,  this 
occurring  the  more  readily  that  these  fine  tubes  are  thin-walled.  In  this 
way  we  may  have  sacculated  dilatations  of  the  tubes,  and  the  communi- 
cations with  the  bronchi  from  which  they  took  origin  may  even  be 
obscured  or  cut  off.  In  cavities  thus  formed  the  lining  membrane  is  very 
commonly  directly  in  contact  with  sound  lung  tissue,  and  although 
the  wall  is  composed  largely  of  round-celled  tissue  of  an  inflammatory 
kind,  yet  here,  as  in  other  bronchiectatic  cavities,  ciliated  epithehal 
cells  are  usually  to  be  found.  The  cavity  ^.frequently  contains  pus,  and 
if  it  be  near  the  surface  and  of  rapid  formation  it  may  so  undermine 
the  pleura  as  to  cause  necrosis  and  render  pneumothorax  imminent. 

It  is  to  be  remembered  that,  although  these  processes  may  occur  by 
themselves,  and  in  their  aggravated  form  warrant  the  special  designa- 
tion of  fibroid  phthisis  or  cirrhosis  of  the  lung,  yet  many  of  them  occur 
along  with  the  changes  next  to  be  described.  This  applies  especially  to 
the  peribronchitis  and  the  induration  of  the  connective  tissue  around 
the  individual  lobules,  as  distinguished  from  an  induration  of  the  gene- 
ral connective  tissue  of  the  lungs. 


Catarrhal  or  caseous  form. — We  have  now  to  consider  the 
other  mode  of  extension,  namely  from  the  finer  bronchi  along  to  the 
alveoli.  In  studying  acute  catarrhal  pneumonia  we  have  seen  that  the 
disease  begins  with  a  capillary  bronchitis  which  runs  into  a  proper 
pneumonia.  In  the  present  case  there  is  a  similar  extension,  so  that 
the  condition  is  sometimes  called  CHRONIC  catarrhal  pneumonia, 
or  broncho-pneumonia.  But  there  are  certain  important  differences 
which  from  the  first  should  be  borne  in  mind.  In  the  first  place  the 
affection  of  the  finer  bronchi  is  not  a  simple  catarrh,  but  is  accompanied 
by  the  formation  of  tubercles.  These  tubercles  form  most  readily, 
according  to  Rindfleisch,  just  where  the  bronchial  tubes  pass  into  the 
lung  alveoli,  attacking  the  projecting  angles  at  the  points  where 
bronchi  give  place  to  infundibula.    Another  distinction  is  that,  as  the 
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tubercles  are  in  the  connective  tissue  forming  the  bronchial  wall,  so 
there  is  always  some  inflammatory  infiltration  of  the  wall  with  more  or 

less  peribronchitis.   In  like 
manner,  when  the  disease 
passes  into  the  alveoli  it 
does  not,  like  the  acute 
catarrhal  pneumonia,  con- 
fine itself  to  the  surface,  but . 
here  again  we  have  it  ex- 
^  tending  into  the  alveolar 
wall  and  producing  thick- 
ening and  induration  there. 
Lastly,  there  is  a  marked 
tendency  for  the  products 
of  inflammation  to  undergo 
caseous  necrosis.   This  pro- 
cess occurs  not  only  in  the 
material  accumulated  in  the 
alveoli,  but  also  in  the  alve- 
olar wall  and  the  wall  of  the 
lironchus.  So  characteristic 
is  this  condition  in  many 
cases  that  as  we  have  seen 
the  name  CASEOUS  pneu- 
monia has  been  sometimes 
applied. 

The  disease  beginning  in 
a  catarrh  with  infiltration 
of  the  bronchus  passes  on 
to  catarrh  of  the  alveoh. 
The  inflammation  leads 
to  the  filling  up  of  the 
alveoli  \vith  cells  which 
are  mostly  of  the  large 
epithelioid  character,  such 


as    are    shown    in  Fig. 


Pig.  233.— LviiiK  in  caseous  form  of  phthisis  ;  the  capil-  233.  With  thcSe  may  be 
laries  injected  (shown  black).    At  A  there  are  catarrlial       •     i    i  n  in 

cells  (/j)  in  alveoli,  and  the  capillai-ics  are  well  filled.  At  miUglcd  Small  roUlld  CCUs 
yi,  the  capillaries  ai-e  less  injected.   At  C,  caseous  necrosis         ,  .  . 

has  begun;  and  at  D,  it  is  complete,  the  structure  being  SLlch  aS  CXlSt  in  Ordinary 
here  quite  obscured  in  a  general  granular  oijacity.  x  350,  ,  •     i     ,  .t 

(Hamilton.)  acute  pneumoiua,  but  there 
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is  rarely  a  filling  up  of  the  alveoli  with  small  round  cells  and  fibrine 
such  as  we  see  in  hepatization,  although  in  very  acute  cases  this 
may  occur.  The  alveolar  wall,  as  has  already  been  noticed,  is  infil- 
trated with  infiammatory  round  cells,  and  it  is  very  often  difficult 
to  distinguish  the  exact  boundaries  of  the  alveoh,  the  swollen  wall 
being  ill-defined  from  the  products  inside.  The  result  of  all  this  is  a 
condensation  of  the  lung  tissue,  and  according  to  the  extent  of  the 
affected  areas  will  there  be  larger  or  smaller  solidifications  of  the  lung. 
These  will  always  in  their  distribution  bear  a  relation  to  the  bronchial 
stems,  having  usually  in  this  early  stage  a  distinctly  lobular  arrange- 
ment, like  bunches  of  fruit  in  clusters. 

These  condensations  will  have  a  grey  colour,  but  soon  caseous 
necrosis  occurs,  and  it  is  rare  to  find  many  of  them  purely  grey.  The 
'    caseous  necrosis  has  been  ascribed  to  the  infiltration  of  the  alveolar 
wall,  causing  compression  of  the  blood-vessels,  and  consequent  anaemia, 
resulting  in  degeneration  and  death.    It  is  true  that  in  a  caseating  con- 
densation the  vessels  do  become  obstru(^ted,  as  may  be  proved  by 
injection  (see  Fig.  233),  but  this  is  just  as  likely  to  be  the  result  of  the 
necrosis  as  the  cause.    In  the  swelling  and  induration  of  connective 
tissue  produced  in  ordinary  inflammations  we  never  have  such  obstruc- 
tion of  the  vessels  or  a  caseous  process.     Moreover,  the  inflamma- 
tory infiltration  is  derived  from  the  blood,  and  it  seems  strange 
that  the  blood-vessels  should  yield  material  to  such  an  extent  as  to 
cause  their  own  obstruction.    The  process  of  caseation  so  characteristic 
of  the  condition  we  are  describing  must  be  set  down  to  a  different 
.    cause.    It  is  analogous  to  the  caseation  of  syphilitic  and  tubercular 
:    formations,  and  due  to  the  virulence  of  the  agent  which  produces  the 
j    primary  changes.    In  the  present  case  the  caseous  necrosis  attacks 
i    indiscriminately  the  whole  structures  concerned.     Beginning  in  the 
.    central  parts  of  each  small  condensation,  it  involves  the  products  within 
!    the  alveoh,  the  altered  alveolar  wall,  the  tubercles,  and  the  fine 
i    bronchus.    The  caseous  area  presents  under  the  microscope  a  finely 
granular  homogeneous  appearance  as  in  Fig.  233  D,  in  which  it  is  very 
often  impossible  to  recognize  any  structure  at  all.    Sometimes  the  out- 
'    lines  of  the  alveoli  can  be  made  out,  but  even  these  may  be  obscured. 
As  seen  with  the  naked  eye,  the  caseous  condition  is  recognized  by  the 
opaque  yellow  or  white  appearance  presented,  this  usually  beginning 
in  the  central  parts  of  the  grey  condensations. 

As  confirmatory  of  the  view  that  the  caseous  necrosis  is  due  directly 
to  the  action  of  the  original  irritant,  it  is  to  be  Aoted  that  in  very  acute 
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cases  necrosis  may  occur  almost  directly  and  without  caseation.  An 
acute  condensation  takes  place  not  unlike  that  of  pneumonia  but  with 
the  lobular  distribution,  and  goes  straight  on  to  sloughing  of  the  lung 
tissue,  perhaps  with  a  purulent  peribronchitis. 

^  The  caseous  material  is  of  course  dead,  and  in  any  further  changes 
it  IS  merely  passive.  In  some  cases,  which  unfortunately  are  not  very 
common,  the  disease  makes  pauses.  The  caseous  mass  becomes  encap- 
suled  and  dries-in  more  and  more.  By  and  by  it  becomes  infiltrated 
with  lime  salts,  and  may  thus  be  converted  into  a  putty-like  material, 
or  condensed  into  a  stony  mass,  which  may  lie  for  years  in  the  lung 
tissue. 

More  frequently  the  caseous  material  softens  and  partially  liquefies, 
so  that  a  cavity  forms.  It  may  be  that,  as  Hamilton  suggests,  this  may 
be  due  to  a  chemical  change  analogous  to  that  which  occurs  in  the 
ripening  of  cheese,  in  which,  according  to  M.  Duclaux,  certain  insoluble 
albuminates  become  soluble  in  water.  The  softening  affects  the  whole 
caseous  material,  and  the  piece  of  lung  concerned  breaks  down  and 
liquefies,  so  that  a  small  cavity  results.  The  broken-down  caseous 
material  forms  a  grumous  turbid  fluid,  in  which  the  more  resisting 


Fig.  234.  —Lung  tissue  from  the  sputuiu  in  phthisis.  The  sputiun  was  digested  in 
caustic  soda  according  to  Feuwick's  metliod,  and  then  subjected  to  mici-oscopic  examina- 
tion.   X  350. 

elastic  tissue  of  the  lung  may  be  found  still  retaining  to  some  extent 
the  form  of  the  alveoli.    This  elastic  tissue  may  be  frequently  recog- 
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nised  in  the  sputum  of  such  patients  by  proper  methods  of  search 
(see  Fig.  234).  At  first  the  cavity  formed  is  small,  but  by  extension  of 
the  process  and  coalescence  of  neighbouring  softenings,  larger  cavities 
result.  These  cavities  are  very  irregular,  and  their  walls  at  first  ragged 
and  ill-defined.  After  all  the  caseous  material  has  been  cleared  out 
there  may  be  a  smoothing  of  the  walls  of  the  cavities  by  the  formation 
of  connective  tissue,  but  there  is  not  the  regular  lining  membrane  of  the 
bronchiectatic  cavity,  nor  the  same  relation  to  the  bronchi.  The  cavity 
sooner  or  later  opens  into  one  or  more  bronchi,  and  its  contents  are 
discharged.  When  the  caseous  material  is  cleared  out  the  wall  assumes 
an  inflammatory  character  and  secretes  pus  more  or  less  abundantly. 
In  the  walls  of  such  cavities,  and  in  the  mucous  membrane  of  the 
bronchi  with  which  they  are  in  communication,  tubercular  ulcers  may 
usually  be  distinguished. 

It  may  be  well  here  to  consider  the  general  appearances  pre- 
sented by  the  lung  on  post-mortem  e:^amination  of  an  advanced 
case  of  the  kind  we  are  considering.  The  lung  will  be  found  firmly 
adherent  over  the  upper  lobe  or  more  extensively.  There  will  not, 
however,  be  the  same  thickening  of  the  pleura  as  is  met  with  so 
commonly  in  the  indurative  form.  In  removing  the  lung,  it  will 
generally  be  found  that  there  are  cavities  at  the  apices,  often  of  very 
large  size,  and  in  separating  the  lung  from  the  pleura  there  is  great  risk 
of  opening  into  some  of  these  cavities.  If  the  lung  after  removal  be 
divided  from  apex  to  base,  various  appearances  will  be  presented,  many 
of  which  are  sometimes  difficult  of  interpretation.  There  are  cavities 
filled  mostly  with  a  grumous  yellow  material.  These  are  exceed- 
ingly irregular  in  shape,  and  traversed  by  partial  septa  or  by 
completely  isolated  trabecules.  These  trabeculaB  represent  branches  of 
the  pulmonarj^  artery  which  have  survived  the  general  necrosis,  and 
although  the  arteries  are  mostly  obstructed,  some  of  them  remain  par- 
tially pervious,  and  we  may  find  aneurismal  dilatations  on  these.  The 
cavities  have  frequently  no  proper  lining  membrane,  but  if  they  are 
large  and  of  some  duration  there  is  a  red  layer  having  the  appearance 
of  granulation  tissue.  Looking  away  from  the  cavities,  the  lung  tissue 
is  found  condensed  and  frequently  caseous.  In  the  immediate  neigh- 
bourhood of  the  cavities  the  condensation  is  probably  continuous,  and  is 
frequently  accompanied  with  great  induration  of  the  lung  tissue.  But 
farther  off,  and  especially  in  the  lower  lobe,  there  are  usually  more 
isolated  patches  of  condensation.    These  on  section  very  commonly 
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have  a  circular  form,  or  they  present  the  appearance  ah-eady  mentioned 
of  chisters  of  fruit.  By  the  coalescence  of  these  we  may  have  more 
continuous  condensations,  but  at  the  marginal  parts  there  are  usually 
indications  of  the  lobular  extension  of  the  lesion.  The  condensed  por- 
tions are  usually  very  firm,  and  in  each  we  find  the  opaque  appearance 
of  the  caseous  necrosis.  In  the  central  parts  there  may  be  softening 
and  incipient  cavities.  After  examining  the  cut  surface,  the  bron- 
chial tubes  may  be  opened  up  Avith  the  scissors.  Those  which  pass 
towards  the  cavities  are  nearly  always  the  seat  of  tubercular  ulceration. 
The  mucous  membrane  is  irregularly  destroyed,  and  the  ulcers  have 
commonly  a  rather  ragged  appearance,  but  are  usually  superficial. 
The  ulceration  is  very  often  prolonged  into  the  main  bronchus  of 
the  affected  lung,  and  even  to  the  lower  part  of  the  trachea.  In 
the  larynx  there  is  also  frequently  ulceration  as  already  described,  but 
it  IS  not  usually  continuous  with  that  in  the  bronchi  or  lower  trachea, 
there  being  mostly  an  interval  between  in  which  the  mucous  membrane 
of  the  trachea  is  normal  or  only  red  from  inflammation. 

It  is  to  be  understood  that  these  appearances  will  vary  greatly 
according  to  circumstances,  the  chief  cause  of  variation  being  the  differ- 
ent degrees  in  which,  along  with  the  caseous  catarrhal  pneumonia,  there 
is  induration  of  the  connective  tissue  of  the  lung.  We  have  seen  how 
this  induration  so  often  starts  from  the  bronchi,  but  after  the  extension 
of  the  catarrh  to  the  alveoli  we  may  have  a  very  pronounced  inflamma- 
tion of  the  connective  tissue,  causing  induration  of  the  alveolar  Avail  and 
extending  to  the  general  connective  tissue.  This  will  cause  the  con- 
densation to  have  a  much  firmer  character  to  begin  Avith,  and  if  the 
induration  predominate  oA^er  the  caseous  catarrh  Ave  may  haA^e  the 
features  of  fibrous  i:)hthisis  becoming  pronounced  in  the  older  parts  of 
the  lesion,  Avhile  the  more  recent  parts  shoAv  rather  those  of  lobular 
broncho-pneumonia. 

It  may  be  useful  here,  before  leaving  the  subject,  to  refer  to  the 
various  modes  in  avhich  cavities  form  and  extend.  We  have 
seen  that  in  the  indurative  form  or  fibrous  phthisis,  caAaties  form  by 
dilatation  of  the  bronchial  tubes,  tubercular  ulceration  often  playing  an 
important  part  in  the  process.  Then  we  have  cavities  formed  by  the 
softening  of  the  caseous  material.  Around  such  softening  there  is 
frequently  a  reactive  inflammation,  resulting  in  the  formation  of  granu- 
lation tissue  which  finally  forms  the  lining  of  the  caAdties.  Such 
cavities  commonly  enlarge  by  the  coalescence  of  neighbouring  soften- 
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ings,  and  in  their  walls  also  tubercular  ulceration  often  progresses. 
Then  there  is  the  more  direct  destruction  of  the  lung  tissue  occurring 
in  very  acute  cases,  associated,  as  we  have  seen,  with  jDurulent  peri- 
bronchitis, acute  inflammation  of  the  alveoli,  and  such  a  rapid  necrosis 
of  the  tissue  as  to  approach  to  the  characters  of  gangrene  of  the  lung. 

The  SPUTUM  in  phthisis  pulmonalis  is  variously  composed.  In  the 
earHer  stages  the  expectoration  has  the  usual  characters  of  that  in 
catarrh,  consisting  of  mucus,  with  more  or  less  abundant  leucocytes.  In 
the  sputum  in  this  early  stage  are  often  found  large  epithelioid  cells  with 
one  or  more  nuclei  such  as  we  find  in  the  lung  alveoli  in  the  catarrhal 
form  of  phthisis.  These  cells  frequently  present  fatty  degeneration. 
Considerable  weight  has  sometimes  been  attached  to  the  presence 
of  such  cells  as  evidence  of  the  existence  of  the  disease  in  its  early 
stage,  and  their  discovery  may  be  useful  in  this  regard ;  but  as  they 
may  exist  in  simple  catarrhs  their  diagnostic  value  may  be  overrated. 
The  sputum  in  phthisis  often  contains  elastic  tissue  from  the  break- 
ing down  of  the  lung.  In  very  rapid  cases  we  may  find  this  by  a 
simple  examination  of  the  sputum,  but  the  search  is  often  a  difficult 
one  because  the  thick  mucus  and  pus  hold  the  pieces  of  lung  tissue  sus- 
pended and  isolated.  By  Femvick's  method  of  digestion  in  soda 
solution,  pieces  of  lung  tissue,  such  as  that  shown  in  Fig.  234,  will 
frequently  be  found  in  the  deposit.  This  method  is  also  applicable  to 
the  sputum  in  gangrene  of  the  lungs.  The  TUBERCULAR  bacillus  is 
usually  to  be  found  in  the  sputum,  especially  in  advanced  cases.  The 
characters  are  shown  in  Fig.  56,  p.  164,  and  have  been  described  already. 

The  sputum  often  contains  blood  in.  phthisis,  and  it  will  be  proper 
here  to  inquire  as  to  the  source  of  hemorrhage.  Bleeding  sometimes 
occurs  in  early  stages  before  cavities  have  formed,  arising  from  the 
mucous  membrane  of  the  finer  bronchial  tubes.  We  have  already 
seen  that  this  frequently  occurs  in  the  early  stages  of  the  indurative 
form  of  phthisis,  and  we  saAV  reason  to  believe  that  it  is  sometimes 
related  to  tubercular  ulceration  of  these  bronchi,  although  the  hyper- 
semia  coincident  with  the  process  probably  plays  the  principal  part.  In 
the  other  form  of  phthisis  the  finer  bronchi  are  also  the  source  of  the  early 
haemorrhage,  and  here,  too,  the  inflammatory  hyperemia  appears  to  be 
the  principal  cause,  although  it  maybe  complicated  with  tubercular  ulcera- 
tion as  well.  In  late  stages  after  cavities  have  formed  hsemorrhage  may 
occur  from  their  walls.    In  the  process  of  extension  of  cavities,  whether  by 
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caseous  necrosis  or  tubercular  ulceration,  the  more  resisting  walls  of  the 
pulmonary  arteries  are  able  to  persist  longer  than  the  rest  of  the  tissues, 
and  these  form  prominent  elongated  projections  on  the  walls  of  the 
cavities  or  isolated  cylindrical  tralDeculse  traversing  them.  The  calibre  of 
the  artery  is  frequently  obliterated,  and  the  structure  consists  of  granu- 
lation tissue  in  which  some  remains  of  elastic  tissue  may  be  found.  But 
sometimes  the  calibre  persists,  at  least  partially.  At  the  same  time  the 
wall  is  infiltra.ted  and  consists  essentially  of  soft  granulation  tissue. 
This  soft  tissue  frequently  allows  of  dilatation  of  the  artery,  and  we 
have  ANEURISMS  whose  walls  are  similarly  soft  and  friable.  Rupture  of 
the  softened  wall  of  the  artery  or  aneurism  would  occur  more  readily 
were  it  not  that  the  blood-pressure  is  already  reduced  by  the  narrowing 
of  the  calibre,  but  it  does  occur  not  infrequently,  and  it  appears  that 
in  a  large  proportion  of  cases  the  blood  comes  from  aneurisms.  The 
resulting  haemorrhage  is  commonly  very  severe,  and  often  fatal,  either 
by  obstruction  of  the  air  passages  with  the  blood  or  from  the  general 
collapse  resulting  from  loss  of  blood. 

The  condition  of  the  pleura  in  phthisis  has  already  several  times 
been  incidentally  referred  to.  As  the  pulmonary  layer  of  the  pleura  or 
at  least  the  subpleural  tissue  is  part  of  the  system  of  the  interstitial 
connective  tissue,  it  takes  part  in  the  inflammatory  new-formation  in 
the  indurative  form  of  phthisis,  and  we  have  seen  that  it  is  sometimes 
greatly  thickened.  In  the  other  form  of  phthisis  when  the  disease  ap- 
proaches the  pleura  there  is  always  inflammation  with  new-formation 
of  connective  tissue,  and  adhesion  of  the  two  layers.  This  adhesion 
occurs  in  the  way  that  will  be  described  in  considering  the  diseases  of 
the  pleura,  and  consists  of  an  actual  coalescence  of  the  tAvo  layers  with 
communication  of  the  blood-vessels.  The  adhesion  is  often  so  firm  that 
it  is  easier  to  strij)  off  the  parietal  pleura  from  the  internal  surface  of 
the  thorax  than  to  separate  the  layers.  Sometimes  it  happens  that  the 
inflammatory  condition  extends  beyond  the  parietal  pleura  and  causes 
adhesion  of  this  layer  to  the  periosteum  of  the  ribs  and  intercostal  tissue. 
In  that  case  the  separation  of  the  lung  from  the  chest  wall  is  very  diffi- 
cult, and  sometimes  cannot  be  accomplished  without  cutting. 

Cavities  in  the  lung  very  often  come  close  up  to  the  pleura  and  under- 
mine it.  If  the  cavity  be  at  all  large  it  cuts  off  a  portion  of  pleura  from  its 
vascular  supply  from  the  lung.  But,  as  a  general  rule,  adhesion  has  already 
taken  place  between  the  two  layers  of  pleura,  and,  the  vessels  being  in 
communication,  the  portion  over  the  cavity  is  kept  supplied  with  blood 
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■from  the  parietal  layer.  We  may  even  suppose  that  the  blood  passing 
from  the  branches  of  the  bronchial  artery  out  into  the  parietal  pleura 
may  be  conveyed  along  over  the  cavity  and  return  in  part  to  nourish 
the  visceral  layer.  But  if  a  cavity  comes  to  the  surface  at  a  place  where 
vascular  adhesion  has  not  taken  place,  then  necrosis  of  the  pleura 
will  probably  result.  The  portion  of  pleura  is  of  a  dead-white  colour, 
.  and  by  and  by  it  becomes  abruptly  demarcated  from  the  neighbouring 
parts.  The  hne  of  demarcation  becomes  mote  and  more  distinct,  and 
an  actual  separation  often  occurs,  the  result  of  which  is  communication 
between  the  cavity  and  the  pleural  sac,  leading  to  pneumothorax.  This 
is  nearly  always  the  manner  in  which  pneumothorax  occurs.  It  will 
happen  mostly  in  acute  cases  where  the  cavities  form  rapidly  without 
affordincr  time  for  the  formation  of  vascular  adhesions.  More  especially 
is  this  the  case  where  cavities  form  by  purulent  peribronchitis  with  or 
without  sloughing  of  the  lung  tissue.  It  will  be  seen  that  the  occur- 
rence of  the  pneumothorax  depends  on  the  absence  of  adhesions,  hence 
it  happens  that  it  so  frequently  occurs  i;^  the  lung  which  is  least 
advanced  in  the  disease,  because  in  that  lung  adhesions  are  less  likely  to 
be  present.  The  pneumothorax,  being  associated  with  the  passage  into 
the  sac  of  foreign  material  from  the  pulmonary  cavity,  generally  results 
in  an  acute  pleurisy,  so  that  the  layers  of  the  pleura  may  be  glued 
together  by  recent  fibrinous  exudation.  It  very  frequently  happens 
in  a  case  of  pneumothorax  that  there  are  several  places  in  which 
necrosis  of  the  pleura  exists,  one  of  these  having  given  way,  but  the 
others  being  in  a  condition  in  which  they  might  readily  have  done  so. 

The  BRONCHIAL  GLANDS  are  nearly  always  more  or  less  affected  in 
phthisis.  They  are  frequently  enlarged  and  caseous,  exactly  like  scrofu- 
lous glands.  Like  them  they  contain  tubercles.  These  caseous  glands 
are  sometimes  found  in  a  state  of  softening.  Not  infrequently  the 
caseous  material  becomes  impregnated  with  lime  salts,  and  we  may 
find  the  gland  represented  by  a  capsule  filled  with  a  material  like 
mortar,  or  more  nearly  of  a  stony  consistence.  In  the  indurative 
form  of  phthisis  the  tubercles  in  the  glands  undergo  the  fibrous  trans- 
formation like  those  in  the  lung  tissue,  and  we  meet  with  dense  hard 
pigmented  glands  with  an  almost  cicatricial  appearance. 

We  have  already  noted  the  existence  of  tubercular  ulceration  of 
the  mucous  membrane  of  the  bronchi,  and  of  the  trachea  and  larynx. 
These  are  to  be  explained  by  the  passage  of  the  virulent  material 
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from  the  breakmg-clown  lung  substance,  over  the  structures  concerned 
and  Its  action  on  them.  Of  similar  import  is  the  ulceration  of  the 
INTESTINES,  which  occurs  in  the  later  stages  of  about  two-thirds  of  the 
cases  of  phthisis.  The  material  from  the  cavities  is  partly  swallowed, 
and,  containing  the  virus,  it  produces  a  tuberculosis  in  the  parts  of  the 
intestine  which  afford  a  fitting  soil.  These  ulcers  are  most  common  in 
the  caseating  form  of  phthisis,  and  we  may  associate  this  with  the  fact 
that  the  debris  of  the  lung  is  much  greater  in  that  form. 

Besides  the  tuberculosis  of  the  bronchial  glands  and  intestine  we 
find  sometimes  a  tuberculosis  of  the  urino-genital  organs,  but 
this  is  comparatively  rare.  Then  we  sometimes  find  miliary  tubercles 
in  the  liver  and  kidneys,  scattered  through  these  organs  as  in  acute 
general  tuberculosis.  There  are  usually,  however,  but  few  tubercles 
compared  with  what  we  find  in  the  latter  disease.  When  tubercles  exist 
scattered  throughout  the  liver  or  in  the  kidney,  we  must  regard  that  as 
evidence  that  the  virus  has  got  into  the  blood,  although  present  only  in 
small  quantity  there. 


ACUTE  MILIAEY  TUBEECULOSIS. 

This  condition  we  have  already  seen  to  be  that  in  which  the 
tubercular  virus  is  contained  in  the  blood,  apparently  in  considerable 
abundance,  giving  origin  to  •  mihary  tubercles  in  many  organs.  The 
lungs  are  affected  in  almost  all  cases.    Acute  mihary  tuberculosis  is 
very  common  in  children,  being  nearly  always  the  fundamental  con- 
dition in  acute  hydrocephalus,  but  it  also  occurs  in  adults.    If  the 
patient  die  in  the  earher  stages  the  lungs  are  found  beset  from  apex 
to  base  with  minute  tubercles  which  are  often  very  closely  placed.  The 
tubercles  may  be  so  small  as  to  be  only  distinguishable  as  such  with  the 
microscope,  but  they  present  the  typical  structure  of  mihary  tubercles. 
In  the  early  stages  this,  with  general  hyperaemia  of  the  lungs,  is  all  that 
can  be  seen.    But  if  the  case  be  one  of  rather  longer  duration  we  find 
around  the  individual  tubercles  processes  which  can  be  strictly  com- 
pared with  those  in  j^hthisis  pulmonalis.    The  air  vesicles  are  filled 
with  catarrhal  cells  and  the  alveolar  walls  infiltrated  with  inflammatory 
round  cells.    The  tubercles  apjDcar  larger,  but  this  is  because  each  of 
them  is  surrounded  by  a  zone  of  condensed  lung  tissue  which  cannot 
with  the  naked  eye  be  distinguished  from  the  tubercle.    By  and  by 
caseous  necrosis  occurs,  beginning  in  the  centres  of  the  tubercles.  As 
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in  the  case  of  phthisis  the  caseous- process  extends  to  the  lung  tissue 
and  inflammatory  products,  and  the  whole  is  involved  in  an  indiscrimi- 
nate necrosis.  The  caseous  material  may  also  soften,  and  numerous 
minute  cavities  form,  but  the  patient  rarely  survives  till  this  has 
occurred  to  any  considerable  extent. 

The  disease  of  animals,  called  by  the  Germans  perlsucht,  presents 
•many  analogies  to  tuberculosis,  and,  according  to  the  observations  of 
Koch,  it  depends  on  the  same  form  of  organism.  This  relation  is  ex- 
pressed in  the  term  BOVINE  tuberculosis  which  is  sometimes  applied 
to  it.  We  have  already  seen  that  cases  of  what  looks  like  general 
tuberculosis  occur  which  are  probably  actual  cases  of  bovine  tuberculosis 
transmitted  to  the  human  subject.  There  are  also  cases  in  which  the 
lung  is  the  seat  of  a  more  local  destructive  process  which  may  be  mis- 
taken for  ordinar}^  phthisis,  especially  as  there  may  be  considerable 
cavities  produced.  This  subject  has  received  notice,  however,  at  an 
earlier  part  of  this  work  (see  p.  167). 

I 

SYPHILITIC  DISEASE  OF  THE  LUNGS. 

This  is  somewhat  rare,  at  least  in  the  adult,  although  more  frequent 
in  the  newly  born.  We  have  here  similar  lesions  to  those  in  other 
organs,  consisting  of  inflammatory  changes  with  the  occasional  forma- 
tion of  gummata.  The  inflammation  affects  mainly,  but  not  alone,  the 
connective  tissue,  so  that  a  condition  sometimes  ensues  like  that  of 
fibrous  phthisis,.  In  syphilis,  however,  the  virus  coming  by  the  blood 
is  more  generally  diff'usecl,  and  we  have  not  that  relation  to  the  bronchi 
which  we  saw  in  ordinary  phthisis.  An  extensive  tract  of  lung  is  in- 
volved, and  we  have  a  rich  formation  of  connective  tissue  so  that  the 
alveoli  are  compressed,  while  they  also  contain  catarrhal  products.  In 
this  way  is  produced  what  is  called  a  white  pneumonia.  If  gummata 
occur  they  are  as  usual  surrounded  by  a  connective-tissue  formation,  so 
that  cicatricial  depressions  and  corresponding  deformities  of  the  lung 
may  result.  The  gummata  are  often  distinguishable  by  the  caseous 
necrosis  which  they  present^  and  if  the  caseous  material  soften  we  may 
have  cavities  resembling  those  in  ordinary  phthisis. 

TUMOXJES  OF  THE  LUNGS. 

Tumours  of  the  lungs  are  much  more  frequently  secondary  than 
primary  growths,  but  there  are  some  forms  of  primary  tumoui\  Little 
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pieces  of  bone  have  been  met  with  in  the  interstitial  connective  tissue, 
also  little  cartilaginous  tumours  in  connection  with  the  cartilages  of 
the  bronchi. 

Secondary  tumours  of  various  kinds  are  met  with.  We  have  most 
frequently  LYMPiio-SARCOMAS  originating  in  the  bronchial  glands  and 
extending  into  the  lung.  The  new-formation  follows  the  connective 
tissue  of  the  lung,  and  we  find  it  penetrating  in  a  radiating  manner 
from  the  root,  often  burying  the  bronchial  tubes  in  a  sheath  of  new- 
formed  tissue  and  partially  or  completely  obstructing  them.  Other 
forms  of  sarcoma  originating  in  the  mediastinum  may  spread  in  a 
similar  fashion.  Secondary  tumours  may  arise  by  embolism,  the 
tumour  having  its  origin  in  something  conveyed  to  the  lungs  by  the 
pulmonary  artery,  and  being  thus  metastatic. 

Sarcomas,  as  we  know,  sometimes  penetrate  directly  into  the  veins, 
and  portions  being  carried  to  the  right  heart  are  caught  in  the  branches 
of  the  pulmonary  artery  or  capillaries.    The  secondary  tumours  in  the 


Fig.  235.— Embolic  cancer  of  lung.  Two  branches  of  the  pulmonary  artery  (a,  a)  are 
obstructed.  Around  them  are  various  spaces  (&,  b)  filled  with  epithelial  cells,  c,  c,  nor- 
mal lung  alveoli,  x 


lung  are  multiple  and  they  repeat  exactly  the  structure  of  the  primary 
one.  Thus  we  have  giant-celled,  round-celled,  and  spindle-celled  sar- 
comas.   A  tolerably  frequent  form  is  the  pigmented  sarcoma.  The 
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ENCHONDROMA  also  not  infrequently  undergoes  secondary  development, 
like  the  sarcoma,  by  penetrating  into  veins,  and  the  embolic  origin  of 
these  secondary  tumours  has  been  directly  demonstrated. 

Cancers,  as  we  have  seen,  do  not  readily  penetrate  into  the  veins 
directly.  Finding  an  easier  path  by  the  lymphatics  they  nearly  always 
first  develop  in  the  lymphatic  glands.  After  a  time  the  cancerous  tissue 
may  penetrate  from  the  lymphatic  sinuses  in  the  gland  into  the  veins, 
or  they  may  possibly  in  a  few  cases  penetrate  directly  into  the  latter, 
and  the  material  is  carried  on  to  the  lungs.  As  the  cancer  is  usually 
arrested  for  a  considerable  time  at  the  lymphatic  glands,  it  happens 
that  in  all  forms  of  cancer  secondary  tumours  in  the  lungs  are  of 
late  development.  As  the  secondary  tumours  are  in  the  lymphatic 
glands  we  may  regard  these  in  the  lungs  as  of  a  tertiary  order. 
Further,  the  material  which  produces  these  tumours  often  passes  to 


Fig.  230. — Embolic  cancer  of  limg.  One  of  the  spaces  filled 
with  epithelial  cells  (b  in  preceding  figure)  under  a  high 
power.  There  is  a  larger  sijaco  with  two  branches  into  which 
the  epithelial  cells  have  extended,    x  90. 


some  extent  through  the  wide  capillaries  of  the  lung  and  on  into  the 
systemic  arteries  so  that  we  may  have  tertiary  tumours  occurring  at 
the  same  time  in  a  variety  of  organs.  The  tumours  in  the  lung  are 
multiple  and  they  repeat  the  structure  of  the  primary  tumour  whatever 
be  the  variety  of  cancer  which  has  formed  it. 

That  these  tertiary  cancers  form  by  embolism  was  readily  seen  in  a 
case  which  occurred  to  the  author,  and  which  may  here  be  briefly 
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related.  It  illustrates  as  well  the  tendency,  which  tumours  even  of 
this  order  show,  of  the  cancerous  masses  to  penetrate  into  ex- 
isting spaces  and  canals.  The  primary  tumour  was  a  cancer  of  the 
stomach,  and  secondary  growths  had  occurred  in  the  prevertebral  glands. 
One  of  these  glands  was  adherent  to  the  vena  cava,  and  several  radicles 
of  this  vein  emerged  from  the  midst  of  cancerous  glands.  Actual  can- 
cerous thrombi  of  some  of  these  veins  were  detected  by  the  naked  eye, 
and  under  the  microscope  it  was  seen  that  the  cancerous  masses  had 
partially  penetrated  into  the  venous  radicles  in  the  glands.  In  the 
lungs  the  finer  branches  of  the  pulmonary  artery  were  found  frequently 
obstructed  (see  Fig.  235).  The  obstructing  material  was  not  entirely 
cancerous  in  structure.  There  was  often  a  round-cell  formation  with 
now  and  again  a  distinctly  cancerous  appearance.  In  most  cases  the 
obstruction  was  complete.  Outside  the  obstructed  arteries  there  Avere 
spaces  and  canals  filled  with  cancerous  growths,  as  shoAvn  in  Figs.  235 
and  236.  These  were  obviously  the  lymphatic  channels  of  the  sheath 
of  the  vessels  into  which  the  cancerous  formation  had  penetrated. 

INHALATION  OF  FOEEIGN  SUBSTANCES. 

The  lungs  of  all  adults  have  more  or  less  of  a  grey  colour  from 
the  existence  of  a  black  pigment  in  the  lung  tissue.  This  pigment  is. 
absent  from  the  lungs  of  children,  and  is  undoubtedly  the  dust  of 
the  air  inhaled  with  the  respired  air.  It  need  hardly  be  said  that  the 
air  of  all  confined  spaces,  such  as  rooms,  is  loaded  with  finely  di^dded 
particles.  This  is  particularly  the  case  in  cities  where  coal  is  burnt 
extensively,  and  it  attains  its  maximum  in  the  black  fogs  of  such  cities 
as  London  and  Glasgow.  The  particles  of  dust  inhaled  with  the  air  are 
for  the  most  part  caught  by  the  mucus  with  which  the  surface  of  the 
bronchial  tubes  is  moistened,  and  as  the  ciliated  epithelium  pla3's  in  the 
direction  towards  the  larynx,  the  dust-laden  mucus  is  carried  upwards 
to  the  larynx  where  it  is  either  expectorated  or 'swallowed.  No  doubt 
when  the  air  is  unusually  laden  with  dust  the  mucous  secretion  is  increased, 
and  those  who  live  in  cities  know  that  when  the  weather  is  thick 
a  considerable  mass  of  black  mucus  is  brought  up  from  the  larynx  in 
the  morning,  the  busy  ciha  having  swept  it  thither  during  the  hours  of 
sleep.  But  some  of  the  dust  penetrates  beyond  the  reach  of  those 
Scavengers  and  passes  into  the  lung  alveoli,  where  it  lodges.  From  the 
lung  alveoh  it  penetrates  into  the  lung  tissue.  It  is  to  be  remembered 
that  the  structure  of  the  alveolus  is  somewhat  like  that  of  a  serous 
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membrane.    There  is  a  single  layer  of  epithelium,  and  some  have  even 
described  stomata  or  pseudo-stomata  as  existing.    At  any  rate  the  dust 
i  particles  penetrate  through  or  between  the  epithelial  cells  and  emerge 
(  into  the  lymph  spaces  of  the  alveolar  wall.  Having  entered  the  lymphatic 
j  system  of  the  lung,  the  dust  is  carried  into  all  the  communicating  chan- 
"  nels  of  that  system,  and  is  partially  deposited  and  retained  as  it  goes  by 
;  the  connective-tissue  cells.    In  this  way  a  kind  of  pigmentation  of  the 
.  entire  lymphatic  system  of  the  lung  is  obtained  which  for  demonstration 
may  serve  the  purposes  of  an  injection  of  that  system.    In  this 
!  conveyance  of  the  dust  particles  the  leucocytes  which  are  always  j)resent 
in  the  lymphatic  spaces  probably  play  an  important  part.    The  parts 
pigmented  are,  the  walls  of  the  alveoli,  the  interstitial  connective  tissue 
;  especially  that  around  the  pulmonary  artery  and  the  bronchi,  and  the 
j  subpleural  tissue,  which  is  often  definitely  demarcated  from  the  pleura 
j  proper  by  the  pigmentation.    The  pigment  is  also  carried  to  the 
;  bronchial  glands  at  the  root  of  the  lung  which  are  more  or  less 
blackened.    This  pigment  is  a  carbonaceous\' material  consisting  mostly 
of  round  particles,  and  is  to  a  great  extent  the  soot  of  coal. 

Persons  who  live  in  a  very  dusty  atmosphere  are  liable  to  a  very 
excessive  pigmentation  of  the  lungs  to  which  the  name  ANTHRACOSIS 
is  applied.  This  is  seen  most  typically  in  the  coal  miner's  LUNG. 
Here  the  path  by  which  the  dust  gets  in,  and  its  permanent  locality,  are 

'  the  same  as  those  indicated  above,  but  the  amoimt  is  greatly  increased. 
The  material  also  is  essentially  the  same.  It  is  sometimes  asserted  that 
in  the  coal  miner's  lung  the  pigment  consists  of  coal  dust,  each  minute 

:  particle  having  the  irregular  crystalline  character  of  a  piece  of  broken 
coal.  But  this  is  not  entirely  the  case.  The  particles  are  largely 
spherical  and  smooth,  and  these  consist  of  the  soot  from  the  lamps 
that  are  burnt  in  the  mines  with  imperfect  combustion.  The  pig- 
ment in  this  case,  as  in  the  ordinary  pigmentation  of  the  lungs,  is  in 
the  lymphatics  and  follow's  the  distribution  of  the  connective  tissue.  It 
is  often  seen  in  excessive  quantity  around  the  branches  of  the 
pulmonary  artery  where  it  occupies  the  perivascular  lymphatic  spaces. 
It  is  not  present  in  the  proper  walls  of  the  bronchi,  but  exists  to  some 
extent  in  the  lymphatic  spaces  of  their  adventitia.  The  interlobular 
and  subpleural  connective  tissue  is  deeply  pigmented. 

The  inhaled  dust  seems  a  comparatively  innocuous  substance.  In 
the  bronchial  tubes  and  in  the  alveoli  it  may  induce,  or  be  asso- 
ciated with,  a  catarrh,  and  in  that  case  the  inflammatory  products 
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contain  abundant  pigment  giving  rise  to  the  well-known  black  spit  of 
The  pigment  is  found  abundantly  in  cells  as  in  Fig.  237. 

But  in  the  lung  tissue  itself  there  is  usually 
little  disturbance,  and  even  in  severe  cases  of 
anthracosis  there  may  be  merely  a  moderate 
induration  of  the  connective  tissue.  It  is  to  be 
noted  that  in  persons  whose  lungs  are  the 
seat  of  excessive  pigment,  a  catarrh  is  often 
associated  with  a  recurrence  of  the  "black 
spit,"  although  the  persons  may  have  left  the 
pit  for  years.  In  that  case  the  black  spit  will 
anguiar,^^and^^otherrroun^^^^  ^ot  occur  uuless  the  inflammation  involves  the 
SLny^irtTcSf '  X  35a  connective  tissue  as  well  as  the  epithehal  layers 

of  the  bronchi  and  alveoli,  and  it  is  to  be  pre- 
sumed that  the  pigment  passes  out  of  the  lungs  in  the  same  way  as  it 
has  passed  into  them,  namely,  from  the  connective  tissue,  into  the 
alveoli  and  thence  outwards.  As  mentioned  above  there  is  no  pig- 
mentation of  the  bronchial  mucous  membrane,  and  it  does  not  seem 
probable  that  pigment  will  penetrate  from  without  through  the  bron- 
chial wall  into  the  interior  of  the  tube.  This  indicates  that  in  catarrhs 
the  connective  tissue  is  active,  and  that  the  pigment  is  conveyed  by 
leucocytes  into  the  alveoli  or  bronchi. 


Pie:.  237.— Part  of  the  contents 
of  a  lung  alveolus  in  anthracosis 


There  are  some  persons  exposed  to  the  inhalation  of  particles 
of  a  more  irritating  nature.  It  has  long  been  known  that  masons  are 
peculiarly  liable  to  bronchitis  and  phthisis.  The  particles  of  sandstone 
are  inhaled  just  as  are  the  particles  of  dust.  From  their  shape  and  the 
sharp  angles  which  the  particles  of  rock  crystal  present,  they  are  much 
•more  irritating  than  the  dust  particles.  They  irritate  the  bronchial 
mucous  membrane.  When  they  pass  into  the  interstitial  tissue  of  the 
lungs  they  irritate  it,  and  in  this  case  there  is  frequentl}^  a  very 
marked  induration  of  the  connective  tissue.  This  induration,  along 
with  the  bronchitis,  may  go  on  to  the  formation  of  cavities  by  bron- 
chiectasis. The  indurations  in  this  disease  often  have  special  centres 
of  greatest  intensity  in  the  form  of  hard  nodules,  in  the  centres  of 
which  a  collection  of  glistening  particles  may  be  found. 

Other  kinds  of  dust  may  be  inhaled,  and  give  rise  to  inflammatory 
conditions  in  the  lungs.  They  seem  to  irritate  more  or  less  according 
to  the  mechanical  qualities  of  the  particles.  Particles  which  are  hard, 
heavy,  and  angular,  like  the  siliceous  particles  of  sandstone,  or  like  the 
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:  Steel  dust  to'  which  file-cutters  are  exposed,  irritate  more  than  those 
which  are  light  and  rounded  like  those  in  the  miner's  lung.  The 
,  colour  of  the  inhaled  dust  communicates  itself  to  the  lung,  and  so 
,  we  have  various  pigmentations,  but  in  all  the  forms  there  is  a  tendency 
■  to  the  occurrence  of  black  pigment  along  with  the  other  coloured 
I  substances. 


C— THE  PLEURA. 


Pleurisy. — The  pleural  sac  in  its  structure  and  in  many  of  its  rela- 
i  tions  is  comparable  to  the  pericardial  and  peritoneal  sacs,  and  much  that 
1  has  already  been  stated  above  regarding  inflammation  of  the  peri- 
cardium is  applicable  to  inflammation  of  the  pleura.    There  are  two 
circumstances,  however,  that  place  the  j)leura  in  its  pathological  rela- 
tions in  a  somewhat  different  position  from  the  pericardium,  and  these 
j  are  its  connections  with  the  lung  on  the  one  hand  and  with  the  peri- 
toneum on  the  other.    In  studying  diseases  of  the  lung  we  have  seen 
that  whenever  any  form  of  inflammation  comes  to  the  surface  of  the 
I  lung  it  causes  inflammatory  changes  in  the  pleura ;  there  is  acute 
pleurisy  in  acute  pneumonia,  and  chronic  pleurisy  is  a  nearly  constant 
:  accompaniment  of  phthisis  pulmonalis.    On  the  other  hand,  the  pleura 
seems  to  have  intimate  connections  with  the  peritoneum,  as  there  are 
lymphatic   channels  passing  through  the    diaphragm   which  form 
communications  between  the  two  sacs.     These  channels  are  doubt- 
I  less  intricate  and  narrow,  so  that  the  diaphragm  acts  to  a  certain 
:   extent  as  a  barrier  between  the  two  sacs,  but  it  is  not  sufficient 
to  prevent  the  passage,  for  instance,  of  the  tubercular  virus  from  the 
one  to  the  other.    A  tubercular  peritonitis  is  nearly  always  accompanied 
by  a  tubercular  pleurisy,  perhaps  limited  to  the  lower  parts  of  the  sac. 
Similarly  a  septic  peritonitis  has  usually  a  dependent  pleurisy.  Tum- 
ours of  the  peritoneum  also  frequently  lead  to  similar  formations  in  the 
pleura. 

In  the  above  cases  the  pleurisy  is  secondary  to  inflammation  in  some 
other  part,  but  there  are  also  cases  of  primary  pleurisy.  Persons  take 
pleurisy  from  catching  cold,  as  it  is  said,  whatever  be  the  exact  mode 
in  which  the  cold  produces  its  effects.  There  is  very  often  a  localized 
pleurisy  occurring  in  a  limited  area,  just  where  the  pleura  is  most 
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directly  exposed  to  the  effects  of  cold,  namely,  in  the  left  lower  lateral 
region.  In  this  position  the  chest  is  not  covered  by  any  considerable 
mass  of  muscles,  as  the  fleshy  masses  of  the  latissimus  dorsi  and  pector- 
alis  major  passing  upwards  to  the  arm  leave,  as  it  were,  an  unprotected 
space  covered  by  the  comparatively  thin  origins  of  the  serratus  magnus 
and  external  oblique  muscle  of  the  abdomen.  This  part  is  also  removed 
from  the  centre  of  heat  in  the  heart,  and  on  the  left  side  instead  of  the 
liver  there  is  the  hollow  stomach.  On  the  right  side  the  liver  is  a 
source  of  heat,  and  renders  the  corresponding  part  on  this  side  less 
exposed  to  cold  than  that  on  the  left,  but  still  more  exposed  than  most 
other  parts  of  the  chest.  It  is  probable  that,  in  these  localities  espe- 
cially, cold,  acting  directly  on  the  chest  wall,  may  cause  an  inflamma- 
tion of  the  pleura  by  depressing  the  temperature.  But  cold  may  pro- 
duce a  general  pleurisy  just  as  it  is  said  to  produce  a  general  pneumonia, 
the  fact  of  the  general  character  of  the  inflammation  indicating  that 
some  irritant  is  present  in  the  fluid  which  exists  in  the  pleural  sac. 

It  is  here  proper  to  state  that  a  considerable  number  of  cases  appear- 
ing to  be  simple  pleurisy  are  really  cases  of  tubercular  pleurisy.  The 
tubercular  virus  sometimes  finds  its  way  into  the  pleura  independently 
of  neighbouring  organs,  being  apparently  carried  by  the  blood  to  the 
pleural  sac.  The  lymphatic  system  of  the  lungs  is  not  in  direct  com- 
munication with  that  of  the  pleura,  and  so  it  does  not  usually  happen 
that  a  tubercular  pleurisy  develops  from  phthisis  pulmonalis  except  in 
its  later  stages.  The  true  tubercular  pleurisy  develops  independently 
of  lung  disease,  although  it  may  be  present  along  with  tuberculosis  of 
the  lungs  in  acute  miliary  tuberculosis,  where  the  virus  is  undoubtedly 
conveyed  by  the  blood.  Tubercular  pleurisy  is  usually  an  acute  dis- 
ease, and  is  often  associated  with  tubercular  pericarditis  or,  more  rarely, 
with  tuljercular  peritonitis. 

In  its  ANATOMICAL  DETAILS  acute  pleurisy  is  closely  analogous  to 
acute  jjericarditis.  There  is  hj^persemia,  soon  followed  by  a  thin 
fibrinous  deposit.  This  fibrinous  exudation,  forming  a  soft  yellow  layer, 
often  attains  to  a  considerable  thickness,  forming  shaggy  jDrojections  from 
the  pleural  surface  especially  in  the  region  of  the  lower  lobe.  Serous 
fluid  is  also  exuded,  sometimes  in  considerable  abundance.  If  the  fluid 
in  the  j)leura  is  not  too  abundant  the  two  surfaces  of  the  membrane 
come  in  contact,  and  there  is  adhesion  of  the  two  layers  of  fi brine. 
This  adhesion  prevents  further  deposition  of  filirine,  which  is  often  very 
thin  over  the  upper  lobe. 
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If  the  inflammation  goes  on  there  is  a  new-formation  of  vascular 
granulation  tissue  which  may  come  to  replace  the  fibrine.  If  two  such 
surfaces  are  in  contact,  by  absorption  of  the  serous  fluid  or  otherwise, 
coalescence  occurs  and  complete  union  of  the  surfaces,  the  granulation 
tissue  afterwards  developing  into  connective  tissue.  We  have  already 
seen  that  the  fluid  accumulated  in  the  pleural  sac  frequently  compresses 
the  lung  greatly,  producing  collapse  of  it. 

An  ordinary  pleurisy  may  go  on  to  suppuration  (empyema)  if  the 
inflammation  be  very  acute,  or  it  may  be  suppurative  from  the  out- 
set. In  the  latter  case  there  has  usually  been  some  specially  virulent 
irritant  present  in  the  pleura,  as  where  a  metastatic  abscess  in  the 
lung  has  approached  the  pleura,  or  where  the  pleurisy  is  one  of  the 
phenomena  of  septicaemia.  In  these  cases  the  disease  is  generally  rapidly 
fatal,  and  we  may  find  remains  of  the  fibrinous  exudation  mixed  with 
abundant  pus.  Where  the  suppuration  has  come  on  in  the  course  of  a 
simple  j)leurisy  the  disease  is  often  greatly ^jrolonged,  and  the  pleura 
undergoes  great  thickening,  being  converted  into  a  bulky  layer  of 
granulation  tissue  like  the  wall  of  an  abscess.  The  granulation  tissue 
may  undergo  partial  transformations  into  connective  tissue  with  occa- 
sional adhesion,  and  as  the  lung  has  been  compressed  by  the  exudation 
we  may  have  drawing  together  of  the  chest  to  an  extreme  degree  should 
the  pus  be  discharged  or  partially  absorbed. 

Eeference  has  already  been  made  to  tubercular  pleurisy.  The 
tubercles  occur  in  the  form  of  comparatively  small  white  nodules  which 
are  present  in  the  substance  of  the  pleura,  but  near  the  surface.  They 
are  very  commonly  hidden  by  fibrinous  exudation,  and  are  therefore 
most  easily  seen  on  separating  the  lobes,  the  contact  of  which  has 
prevented  any  thick  fibrinous  deposit.  The  pleurisy  is  usually  pro- 
longed, and  we  have  at  once  fibrinous  exudation  with  a  certain  amount 
of  serum  and  chronic  thickening  of  the  membrane. 

Pleural  adhesions. — We  have  already  seen  that  an  acute  pleurisy 
may  result  in  adhesion  of  the  sac,  the  process  of  adhesion  resulting 
from  coalescence  of  the  surfaces  which  have  become  like  granulation 
tissue  from  the  inflammation.  Such  adhesion  will  not  occur  so  long  as 
fibrine  is  present  on  the  surface,  and  is  to  be  carefully  distinguished 
from  the  mere  gluing  which  may  occur  in  the  earlier  stages  from  the 
adhesion  of  the  fibrinous  exudation  on  opposed  surfaces.  But  we  have 
also  seen  that  in  the  frequent  chronic  pleurisy  of  phthisis  a  similar 
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adhesion  occurs,  and  the  method  of  its  occurrence  is  similar.  Without 
any  fibrinous  or  serous  exudation  (hence  called  dry  pleurisy)  the  sur- 
faces come  to  have  the  characters  of  granulation  tissue  and  coalescence 
with  vascular  communication  occurs. 

Hydrothorax  is  a  dropsy  of  the  pleural  sac.  The  serous  exuda- 
tion of  acute  pleurisy  is  not  to  be  placed  in  this  category,  which  only 
includes  cases  in  which  the  transudation  is  increased  without  inflamma- 
tion. Most  frequently  it  is  part  of  a  general  dropsy,  as  in  Bright's 
disease,  cardiac  disease,  or  ansemia.  Malignant  tumours,  especially 
secondary  cancers,  produce  hydrothorax  just  as  they  produce  accumu- 
lation in  the  peritoneal  sac.  As  cancers  spread  along  the  lymphatic 
spaces  it  may  possibly  be  that  the  dropsy  results  from  obstruction  of 
these. 

Pneumothorax  has  been  referred  to  in  connection  with  phthisis 
pulmonalis,  and  the  mode  of  origin  there  indicated  is  that  in  the  great 
majority  of  cases.  Of  the  remainder  there  are  some  in  which  it  is 
due  to  empyema — the  visceral  pleura  has  softened  and  the  lung  has  be- 
come ulcerated  so  as  to  communicate  with  the  pleura,  or  to  gangrene 
of  the  lung,  or  to  metastatic  abscesses,  or  to  the  bursting  of  emphy- 
sematous vesicles,  or  to  a  traumatic  cause.  The  air  in  the  pleural 
cavity  is  usually  at  a  high  pressure  and  the  cavity  is  much  distended,  so 
that  when  the  chest  is  opened  the  air  rushes  out  with  some  force.  The 
pleural  cavity  as  exposed  presents  a  remarkably  empty  appearance,  the 
lung  being  compressed  except  where  there  are  adhesions,  which  may  form 
tense  bridges  across  from  parietal  to  visceral  layer  or  may  limit  the 
pneumothorax  considerably.  If  the  patient  live  there  is  nearly  always 
an  acute  suppurative  pleurisy,  so  that  the  condition  may  be  designated 
PYO-PNEUMOTHORAX. 

Experimental  observation  seems  to  show  that  the  air  may  be 
absorbed,  and  this  is  confirmed  by  actual  clinical  observation.  In  the 
great  majority  of  cases,  however,  the  pneumothorax  being  followed  by 
suppurative  pleurisy,  the  aperture  does  not  close  and  the  condition 
persists  till  death,  which  is  not  generally  long  delayed. 

Tumours  of  the  pleura  are  rarely  primary,  but  osteomas  and  hp- 
omas  have  been  seen.  Cases  have  also  been  described  of  primary 
cancer  of  the  pleura  in  which  the  tumour  appeared  to  take  origin  in  the 
endothelium  of  the  sac  or  of  its  lymphatics. 
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Secondary  tumours  care  not  infrequent.  A  sarcoma  of  the  media- 
stinum, originating  in  the  bronchial  glands,  may  result  in  an  eruption  of 
secondary  tumours  in  the  pleura,  or  a  cancer  originating  in  connection 
with  the  bronchi  at  the  root  of  the  lung  may  have  a  similar  conse- 
quence. In  cancer  of  the  mamma  the  secondary  tumours  sometimes 
involve  the  chest  wall  and  are  propagated  to  the  pleura  where  they 
produce  an  eruption,  and  may  pass  on  to  the  lungs.  Cancers  of  the 
peritoneum  also  frequently  cause  cancer  of  the  pleura.  In  all  these 
cases  the  tumours  form  pale  soft  masses  which  are  usually  flat  and 
sessile,  but  may  show  considerable  prominence.  As  already  mentioned, 
t^ie  cancers  are  usually  associated  with  dropsical  exudation. 


DISEASES  OF  THE  ALIMENTARY  CANAL. 


INTEODUCTOEY  OBSEEYATIONS. 


TN  studying  the  diseases  of  the  alimentary  canal  certain  facts  as  to  its 
structure  and  functions  are  to  be  borne  in  mind.  The  canal  is  lined 
throughout  by  a  mucous  membrane,  which  consists  of  loose  connective 
tissue  covered  with  epithelium  in  one  or  several  layers.  In  the  mucous 
membrane  and  to  some  extent  beneath  it  are  glands  which  in  different 
parts  have  different  structures,  but  everywhere  secrete  materials  that  pass 
into  th^  calibre  of  the  canal.  In  addition  to  these  there  are  in  many 
parts  closed  follicles  of  a  lymphatic  structure  which  usually  lie  near  the 
surface  and  frequently  take  part  in  changes  going  on  there.  Beneath 
the  mucous  membrane  is  the  submucous  tissue  which,  for  the  most  part, 
is  loose,  and  so  allows  the  mucous  membrane  to  go  into  folds  or  be 
stretched  out  flat  according  to  the  state  of  dilatation  or  contraction  of 
the  canal.  Outside  this  there  is  a  muscular  coat,  generally  in  two 
layers,  by  means  of  which  movements  and  variations  in  calibre  are 
effected.  In  most  parts  of  the  intestinal  canal  there  is  a  serous  coat 
outside  of  all. 

In  the  diseases  of  the  alimentary  canal  it  is  chiefl}^  the  mucous  mem- 
brane that  we  have  to  deal  with,  the  subjacent  structures  being  usually 
subordinate  to  and  affected  secondarily  to  it.  The  serous  coat,  it  is  true, 
is  often  affected  independently ;  its  diseases,  however,  do  not  belong 
specially  to  the  alimentary  canal,  but  to  the  i3eritoneum  as  a  whole. 
The  mucous  membrane  on  account  of  its  exjjosure  to  a  variet}'^  of  in- 
fluences derived  from  the  varying  contents  of  the  canal  is  specially 
liable  to  inflammations,  and  the  great  majority  of  the  diseases  to  be 
considered  here  are  inflammatory  ones. 
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It  will  be  necessary  for  convenience  to  subdivide  the  alimentary 
canal  into  different  sections  and  to  consider  each,  of  these  separately. 


A.— THE  MOUTH. 

As  the  mouth  is  exposed  in  an  especial  manner  to  external  influences, 
so  its  mucous  membrane  possesses  an  epithelium  in  many  layers,  and  it 
is  not  nearly  so  liable  to  inflammations  as  most  other  parts  of  the  ali- 
mentary canal. 

INFLAMMATIONS  OF  THE  MOUTH. 

Catarrh. — If  we  leave  out  of  view  the  catarrhs  of  the  fauces  and 
pharynx  which  we  consider  afterwards,  simple  catarrh  of  the  mouth 
is  exceedingly  rare  as  a  primary  disease.  It  is  not  infrequent,  however, 
as  a  secondary  affection,  arising  from  the  irritation  of  carious  teeth, 
from  the  use  of  mercury,  the  presence  of  fleers,  etc.  It  is  also  of 
frequent  occurrence  in  the  acute  fevers,  especially  typhus,  scarlet  fever, 
small-pox  and  measles.  In  these  fevers  there  is  also  a  catarrh  of  the 
stomach,  and  the  inflammation  in  both  seems  due  to  the  action  of  the 
poison  in  the  blood. 

The  mucous  membrane  is  swollen  and  red  and  there  is  greatly  in- 
creased- desquamation  of  the  epithehum,  especially  inside  the  cheeks  and 
on  the  tongue.  The  desquamated  epithelium  is  mixed  with  leucocytes 
serous  exudation  and  mucus  in  varying  proportions,  and  on  that  account 
it  has  varying  characters.  On  the  tongue  there  is  usually  much  epithe- 
lium which  lies  on  the  surface,  and  so  a  tolerably  thick  layer  is  formed 
mostly  of  a  whitish  or  yellowish  colour  (furred  tongue).  On  the  cheeks 
and  gums  there  is  more  fluid  and  less  epithehum.  In  the  midst 
of  the  epithelium  and  leucocytes  bacteria  and  leptothrix  threads  are  to 
be  found.  If  the  patient  is  feverish  and  lies  with  the  mouth  open,  the 
catarrhal  products  dry-in  and  form  a  dirty  brownish  coating  of  the 
tongue  and  gums  which  goes  under  the  name  of  SORDES. 

Sometimes  the  inflammation  centres  especially  around  the  mucous 
glands,  and  they  may  form  prominent  nodules  or  vesicles.  To  this 
form  the  name  follicular  stomatitis  has  been  given,  and  it  is  fre- 
quently seen  in  children  during  dentition  or  after  measles,  and  is  often 
associated  with  catarrh  of  the  stomach  or  intestine.  The  vesicles  or 
small  prominences  frequently  burst  and  leave  multiple  small  ulcers 
covered  by  a  dirty  exudation. 
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^  Catarrh  of  the  mouth  rarely  assumes  a  phlegmonous  character,  in 
this  respect  contrasting  with  inflammation  of  the  fauces. 

Thrush  or  aphthous  stomatitis  or  soor.— This  condition  has 
already  been  mentioned  as  connected  with  the  presence  of  a  fungus. 
It  occurs  in  the  mouths  of  young  unhealthy  children,  but  is  also 
occasionally  seen  in  emaciated  adults,  as  in  diabetes.  The  normal 
secretion  of  the  mouth  is  alkaline,  but  in  this  disease  it  becomes  acid, 
which  may  perhaps  be  the  reason  that  the  fungus  develops.  If  the 
mouth  be  examined  it  will  be  found  beset  with  small  white  spots, 
which  look  like  little  bits  of  white  curd  on  the  surface  of  the  mucous 
membrane.  These  patches  are,  however,  adherent,  and  in  removing 
them  the  mucous  membrane  beneath  will  be  foimd  red  and  bleeding. 
The  white  patch  consists  of  epithelium  united  into  a  membrane  by  a 
fungus,  the  oidium  albicans  (Fig.  238).    It  consists  of  branching  threads 

comjDosed  of  elongated 
cells  placed  end  to  end 
and  sometimes  losing 
themselves  in  masses 
of  spores.  The  aphth- 
ous patches  frequently 
extend  from  the  mouth 
downwards  to  the  pha- 
r}Tix  and  oesophagus. 


The  condition  of  the 
mucous  membrane  in 
certain  special  forms 
OF  inflammation  de- 
serves particular  men- 

In  SMALL-POX, 

besides  a  general  ca- 


Fig.  238. — Oidium  albicans  or  thrush-fungiis.  The  constituents  tioU. 
of  the  fungus  are  associated  with  flat  epithelium,    x  450.  (Ku 

CHENMEISTER.) 


tarrh  there  are  vesicles  or  pustules  analogous  to  those  on  the  skiu. 
We  have  first  whitish  patches  consisting  of  raised  and  desquam- 
ating epithelium.  The  eioithelium  is  soon  discharged  and  sui^erficial 
ulcers  result.  In  scurvy  there  is  great  swelHng  and  oedema  of  the 
mucous  membrane  of  the  gums  around  the  teeth.  The  gums  bleed  and, 
apparently  as  a  consequence  of  this,  ulcers  form  at  the  edges  of  the 
teeth  and  may  extend  down  to  the  bone  which  may  undergo  necrosis. 
Very  often  the  teeth  are  loosened.    As  a  consequence  of  the  USE  OF 
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MERCURY  we  sometimes  have  a  considerable  stomatitis.  It  occurs  after 
the  medicinal  use  of  mercury  and  also  among  workmen  who  employ  it 
in  their  occupations.  The  mucous  membrane  is  swelled,  especially  that 
of  the  gums  and  cheeks,  and  there  is  severe  salivation.  Ulcers  fre- 
quently form,  especially  on  the  internal  surface  of  the  cheeks  and  lips, 
and  on  the  edges  of  the  tongue.  They  may  be  in  the  form  of  fiat 
•excoriations  or  deeper  ulcers  with  a  membranous  covering. 

Gangrenous  stomatitis  or  cancrum  oris  or  noma. — This  disease, 
which  is  fortunately  a  rare  one,  occurs  in  badly  nourished  children, 
particularly  when  reduced  by  severe  illness  such  as  scarlet  fever  or 
measles.  It  presents  itself  first  as  a  diffuse  swelling  of  the  cheek  which 
is  seen  to  be  tense,  red,  and  glistening,  with  one  spot  in  the  centre 
usually  redder  than  the  rest.  On  examining  the  inside  of  the  mouth 
there  is  already  an  excavated  ulcer  opj)osite  the  red  spot  on  the  cheek, 
and  the  gums  opposite  may  also  be  ulcerated.  As  the  disease  pro- 
gresses more  and  more  of  the  mucous  membrane  of  the  mouth  is  ulcer- 
ated away.  At  the  same  time  the  red  spot  on  the  cheek  gets  black  in 
the  centre,  and  afterwards  extends  in  area.  By  and  by  a  slough  of 
various  sizes  separates  and  a  communication  forms  through  the  cheek 
with  the  inside  of  the  mouth.  If  the  patient  survive  still  further  de- 
struction occurs,  the  necrosis  passing  on  to  the  surrounding  skin  of  the 
jaws,  even  to  the  ear  and  eyelids.  There  may  be  necrosis  of  the  jaws. 
Not  infrequently  this  disease  is  associated  with  a  gangrenous  pneu- 
monia and  there  are  general  symptoms  of  septic  poisoning. 

The  exact  nature  of  this  disease  is  not  known,  but  it  must  be  sus- 
pected from  the  rapid  necrosis  that  a  specific  virus  has  to  do  mth  it. 

Inflammation  of  the  tongue  deserves  a  brief  special  notice. 
We  have  seen  that  the  tongue  takes  part  in  most  of  the  inflammations 
of  the  mucous  membrane,  but  sometimes  it  becomes  the  seat  of  a  special 
inflammation  of  its  substance,  a  true  GLOSSITIS.  This  may  occur  as 
a  result  of  wounds  or  irritations  from  without,  or  in  the  course  of  such 
diseases  as  erysipelas  and  small-pox.  The  tongue  swells  greatly  in  con- 
sequence of  the  inflammatory  infiltration  of  the  interstitial  connective 
tissue,  and  this  sometimes,  though  rarely,  goes  on  to  the  formation  of 
abscesses.  The  muscular  fibres  are  swelled,  pale  and  brittle.  Usually 
the  inflammation  ends  in  resolution,  but  sometimes  it  becomes  chronic, 
and  there  may  be  great  increase  of  connective  tissue  with  permanent 
induration  of  the  tongue. 
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INFECTIVE  TUMOURS  OF  THE  MOUTH. 

Syphilis. — We  have  various  syphilitic  lesions  in  the  mouth,  from 
slight  inflammation  to  deep  ulceration.  It  is  not  uncommon  to  meet 
with  a  PRIMARY  CHANCRE  on  the  hps.  In  that  case  there  is  a  pro- 
minent tumour  which  has,  in  more  than  one  case,  been  taken  for  an 
epithelioma.  On  microscopic  examination  the  tumour  is  found  to  con- 
sist of  immense  aggregations  of  round  cells  (Fig.  239). 


Fig.  239. — Section  of  a  chancre  of  the  lip  which  was  excised  under  the  belief  that  it  was 
an  epithelioma.  There  are  nmltitudes  of  round  cells  beneath  the  epithelium,  which  is 
encroached  on  towards  the  left,    x  90. 

The  catarrh  which  accompanies  the  secondary  stage  is  often  very 
slight,  but  it  may  be  accomj)anied  by  superficial  ulceration  of  consider- 
able extent.  Flat  condylomata  are  particularly  frequent  in  the 
mouth,  and  they  often  break  down  and  form  superficial  ulcers,  especially 
on  the  lower  lip  and  angle  of  the  mouth.  The  deeper  ulcers  arise  in 
connection  with  gummata,  which  form  in  the  substance  of  the  mucous 
membrane,  and  may  lead  to  very  serious  loss  of  substance.  If  healing- 
occurs  a  cicatrix  forms,  but  cicatrices  sometimes  occur  without  ulcera- 
tion having  taken  place,  the  gumma  itself  giving  place  to  a  cicatrix. 
The  gummata  not  infrequently  have  their  seat  deep  in  the  substance 
of  the  tongue,  and  the  resulting  cicatrices,  with  or  mthout  ulceration, 
may  produce  very  marked  deformity  of  this  organ. 

Lupus  not  infrequently  extends  from  the  neighbouring  skin  into  the 
mouth  and  may  produce  considerable  destruction.  Leprosy  also 
affects  the  mucous  membrane  of  the  mouth  sometimes.  Glanders  occa- 
sionally manifests  itself  here.  Tubercular  ulcers  are  exceedingly  rare- 
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TUMOUES  OF  THE  MOUTH. 

These  are  of  somewhat  frequent  occurrence  and  considerable  varietj^ 
"We  meet  rarely  \yith  fibromas,  lipomas,  and  enchondromas.  Rather  more 
common  are  ADENOID  TUMOURS  of  the  lips.  These  take  origin  in  the 
j  mucous  glands  of  the  lips,  and  frequently  become  converted  into  mucous  or 
I  colloid  cysts.  They  form  prominent  rounded  tumours  sometimes  as  large 
i  as  a  hazel-nut  and  are  readily  enucleated.  Vascular  tumours,  mostly 
I  congenital  nsevi,  are  not  infrequent  on  the  Hps,  forming  either  fiat  eleva- 
i  tions  or,  more  rarely,  prominent  tumours  with  limited  base.  Vascular 
]  tumours  are  also  met  with  on  the  tongue.  Warts  occur  on  the  lips, 
:  especially  at  the  edges.  In  that  situation  they  are  mostly  hard,  while 
:  those  on  the  proper  mucous  membrane  are  soft.  Not  infrequently  the 
!  wart  ulcerates,  and,  it  is  said,  may  give  origin  to  a  cancerous  tumour. 
Warty  outgrowths  also  occur  on  the  tongue.  The  papillae  of  the 
tongue  sometimes  undergo  great  elongation,  especially  their  epithelial 
j  layers,  and  we  may  have  a  condition  as  of  hairs  on  the  tongue. 

Sarcomas  rarely  develop  in  the  mouth  itself,  although  they  have 
been  met  with  in  the  tongue.  •  On  the  other  hand  it  is  not  uncom- 
mon to  find  a  sarcoma  of  the  jaws  growing  from  the  periosteum 
and  projecting  into  the  mouth.    This  applies  especially  to  the  form  of 
tumour  called  epulis.    This  name  is  given  generally  to  tumours  which 
I  arise  from  the  alveolar  processes  of  the  jaws,  growing  mainly  from  the 
I  periosteum.    These  are  mostly  sarcomas  and  composed  of  spindle-cells, 
I  but  they  nearly  always  contain  giant-cells,  and  sometimes  these  are  in 
large  numbers.    Osseous  trabeculse  pass  into  them  frequently  from  the 
I  bone  beneath.    As  these  tumours  grow  they  push  the  mucous  mem- 
brane of  the  gums  before  them  and  so  form  red  prominences  of  a 
rounded  form,  behind,  in  front  of,  or  between  the  teeth,  and  generally 
hard  to  the  feel.    The  teeth  are  often  considerably  displaced  by  them 
as  they  grow,  especially  when  they  assume  large  dimensions  as  some- 
times happens. 

Cancers  of  the  mouth  are  nearly  all  of  the  epithelial  variety.  They 
are  of  very  frequent  occurrence  on  the  lips  and  are  also  common  on  the 
tongue.  On  the  lips  epithelioma  is  almost  confined  to  the  male  sex,  and 
has  its  seat  in  the  great  majority  of  cases  in  the  lower  lip.  This  is  fre- 
quently ascribed  to  the  fact  that  in  men  the  lip  is  more  frequently 
exposed  to  irritation  by  smoking  short  pipes  and  in  shavinjj.    On  the 
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tongue  the  epithelioma  usually  forms  at  the  edge,  and  it  is  often  said 
that  the  irritation  of  the  sharp  edge  of  a  carious  tooth  has  been  the 
starting  point.  The  epithehoma  begins  in  a  limited  infiltration  of  the 
lip  or  tongue,  but  as  a  rule  ulceration  soon  occurs,  and  the  tumour  pre- 
sents itself  as  a  fiat  or  excavated  ulcer  with  infiltrated  edges.  By 
ulceration  great  destruction  may  take  place  of  the  lips  and  skin  around, 
or  of  the  tongue.  Secondary  epitheliomatous  formation  frequently 
occurs  in  the  submaxillary  lymphatic  glands,  and  may  extend  to  the 
glands  of  the  neck. 

Macroglossia  is  a  condition  in  which  the  tongue  is  greatly  in- 
creased in  bulk,  the  enlargement  being  nearly  always  congenital.  Even 
at  birth  the  tongue  may  be  too  large  for  the  mouth  and  project  beyond 
the  lips.  Afterwards  it  may  increase  still  more,  and  as  the  child  grows  it 
may  displace  the  alveolar  processes  considerably.  For  the  most  part 
there  is  no  hypertrophy  here  except  of  the  interstitial  connective 
tissue,  but  evidences  of  new-formation  of  muscular  tissue  have  been  ob- 
served. As  a  rule,  the  lymph  spaces  of  the  hypertrophied  connective 
tissue  are  greatly  enlarged,  and  there  is  even  a  formation  of  cavernous 
tissue  the  spaces  in  which  are  filled  with  lymph.  In  this  way  Ave  may 
speak  of  lymphangioma  cavernosum  as  taking  part  in  the  condition.  It 
will  be  observed  that  the  condition  here  somewhat  resembles  that  in 
elephantiasis,  there  being  in  both  cases  a  great  new  formation  of  suc- 
culent connective  tissue  with  wide  lymph  spaces.  The  resemblance  is 
further  indicated  in  the  fact  that  the  lips  frequently  hypertrophy  as  well. 

Eanula  is  a  name  applied  to  cysts  which  form  beneath  the  tongue. 
These  mostly  arise  as  retention-cysts  from  closure  of  Wharton's  duct 
(duct  of  the  submaxillary  gland)  or  the  duct  of  the  sublingual  gland, 
but  they  may  take  origin  in  the  mucous  glands.  Before  the  occurrence 
of  the  cyst  there  is  usually  some  inflammation  of  the  floor  of  the  mouth 
very  often  connected  with  aff"ections  of  the  teeth.  According  to  the 
observations  of  Eecklinghausen  referred  to  at  p.  206,  the  cyst  arises  by 
dilatation  of  the  duct,  while  the  gland  structure  persists  and  furnishes 
the  material  by  whose  accumulation  the  cyst  forms  (see  Fig.  81,  p.  206). 

AFFECTIONS  OF  THE  TEETH. 

In  studying  the  diseases  of  the  teeth  we  have  to  remember  what  are 
their  constituent  and  related  structures.    The  hard  part  of  the  tooth 
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consists  of  enamel,  dentine,  and  cement.    The  ENAMEL,  containing 
very  little  organic  matter  (only  about  2  or  3  per  cent.),  is  for  the  most 
!  part  passive,  and  even  presents  great  mechanical  resistance  to  destruc- 
I  tive  jDrocesses.    In  its  original  formation  it  is  a  superadded  structure, 
and  for  this  reason  also  it  takes  little  part  in  the  morbid  changes  which 
occur  in  the  teeth.    The  dentine,  consisting  of  tubules  with  a  hard 
i  matrix,  possesses  a  much  larger  proportion  of  organic  matter  (28  per 
cent),  and  is  much  more  directly  involved  in  morbid  processes.  The 
cement,  which  covers  those  parts  of  the  tooth  which  are  devoid  of 
enamel,  consists  of  true  bone,  and  is  hable  to  changes  of  a  similar 
nature  to  those  of  bone. 

Turning  to  the  soft  parts,  the  PULP  fills  the  cavity  of  the  tooth  and 
has  an  outline  parallel  to  that  of  the  tooth  as  a  whole.  The  pulp  is  a 
soft,  highly  vascular  tissue,  and  is  concerned  in  the  nutrition  of  the 
dentine.  It  is  also  richly  supplied  with  nerves  whose  filaments  pass 
in  part  into  the  dentinal  tubules.  The  pulp  is  so  sensitive  that  in 
popular  language  it  is  called  "the  nerve."  Tn  the  original  formation 
of  the  tooth  the  dentine  is  produced  by  the  structure  which  is  after- 
wards represented  by  the  pulp,  and  through  life  the  latter  retains  to  a 
considerable  extent  its  formative  power.  As  we  shall  see  afterwards, 
it  is  concerned  in  the  formation  of  the  secondary  dentine. 

The  tooth  is  fitted  accurately  into  the  alveolus  by  means  of  the 
cement  on  the  one  hand  and  the  dental  periosteum  or  periodontal 
membrane  on  the  other.  This  membrane,  lying  between  the  cement 
and  the  bone  of  the  jaw,  forms  a  kind  of  double  periosteum,  and  is, 
from  its  position,  very  hable  to  the  action  of  mechanical  forces,  being 
placed  between  two  rigid  structures,  one  of  which  (the  tooth)  is 
peculiarly  exposed  to  mechanical  interference.  It  is  continuous  at 
the  apex  of  the  root  with  the  pulp,  and  at  the  neck  with  the  mucous 
membrane  of  the  gums  on  the  one  hand  and  the  periosteum  of  the 
jaw  on  the  other.  We  shall  see  afterwards  that  inflammations  are  apt 
to  extend  from  the  pulp  to  the  dental  periosteum,  and  from  the  latter  to 
the  gums  and  maxillary  periosteum. 

Caries.— This  name  is  applied  to  a  condition  which  is  not  quite 
analogous  to  caries  of  bone,  except  in  so  far  as  in  both  there  is  destruc- 
tion of  the  dense  calcified  structure.  Caries  of  bone  is  related  to 
inflammatory  processes,  but  caries  of  the  teeth  has  no  such  origin, 
it  consists  of  a  softening,  usually  progressive,  of  the  enamel  and 
dentme  and  their  subsequent  disintegration.     The  process  appears 


580 


DISEASES  OF  THE  ALIMENTAllY  CANAL. 


to  begin  very  commonly  in  places  where  the  enamel  shows  normally 
rather  deep  furrows,  and  is  therefore  thinner  and  more  easily  destroycil 
than  elsewhere.  When  the  caries  reaches  the  dentine  it  advances  mo . 
freely,  so  that  the  enamel  may  to  some  extent  be  undemined.  The 
lime  salts  are  first  absorbed,  and  then  the  organic  basis  is  brokei. 
down.  The  caries  advances  in  the  direction  of  the  dentinal  tubules,  u.s 
shown  in  Fig.  240. 

Various  views  have  been  held  as  to  the  nature  of  the  process.  At 
one  time  it  was  regarded  as  inflammatory,  but  this  view  may  be  set 
aside,  chiefly  on  the  ground  that  a  process  exactly  similar  occurs 
in  teeth  which  have  been  drawn  and  re-inserted,  as  well  as  in  arti- 
ficial teeth  made  of  the  ivory  of  the  hippopotamus.  The  caries 
consists,  in  fact,  of  a  gradual  solution  of  the  hme  salts,  and  for  this 
solution  we  must  infer  the  existence  of  an  acid.    The  secretion  of  the 

mouth  is  naturally  alkaline,  but  in  carious  teeth  an 
acid  reaction  has  been  detected.  The  acidity  is  often 
connected  with  derangements  of  the  stomach,  but  it 
may  have  a  more  local  origin,  as  when  the  secretion 
of  the  gums  is  abnormal,  or  perhaps  when  food  is 
undergoing  acid  fermentation  in  contact  with  the 
teeth.  It  may  be  that  before  the  teeth  yield  to  an 
undue  acidity  they  have  already  an  abnormally  weak 
j)ower  of  resistance,  and  this  may  be  related  to  per- 
sonal peculiarities,  inherited  or  otherAvise. 

At  the  advancing  margin  of  the  caries  a  widening 
of  the  dentinal  tubes  is  visible,  and  in  these  widened 
tubes,  as  well  as  in  the  carious  cavity,  bacteria  and 
leptothrix  threads  are  to  be  found.  B}^  some  the 
process  has  been  ascribed  to  the  action  of  these  organ- 
isms, and  especially  by  Klebs,  but  these  views  stand 
in  need  of  confirmation. 

Fig  240.— Section  of 
.  tooth  with  caries.  Tliere 

each  S^de^and  hi'thepu°p  INFLAMMATION  frequently  follows  on  caries,  and 
of  ^secondary  ^°d^itiiJ^^^  the  pulp  is  usually  iuvolvcd.  It  is  almost  certainly 
not  ex^ac"fy  on1;h"*\^^^^^^  attacked  if  the  caries  causes  penetration  into  the 
Ke\\i«mSof  Se  P^lp,  but  cveu  bcfore  this  takes  place  there  is  fre 
?ronfSese"^^(X"tA^^^  q^eutly  some  inflammation.  This  sometimes  ex 
"^^^■^  presses  itself  in  a  new-formation  of  secondaR 

DENTINE  inside  the  tooth  around  the  'point  to  which  the  caries  is  ad 
vancing  (see  Fig.  240).    In  this  way  the  carious  cavity  may  be  shut  o 
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from  the  Ccavity  of  the  pulp,  and  so  a  more  serious  inflammation  warded 
off.  Very  frequently,  hoAvever,  a  more  acute  inflammation  of  the  pulp 
occurs,  with  redness,  swelling,  great  pain,  not  infrequently  also  with 
complete  necrosis  of  the  pulp,  and,  in  consequence,  of  the  whole  tooth. 

The  inflammation  often  extends  to  structures  around  the  tooth. 
The  root-membrane  or  dental  periosteum,  which  covers  the  root  ^^oi'tion 
of  the  tooth,  is  the  structure  most  directly  attacked.  This  membrane  is, 
as  we  have  seen,  intimately  connected  towards  the  neck  of  the  tooth  with 
the  submucous  tissue  of  the  gums,  and  the  periosteum  of  the  alveolar 
process  of  the  jaw.  Inflammations  of  these  structures,  especially  of  the 
gums,  very  frequently  ensue,  resulting  in  the  well-known  gum-boil,  which 
often  goes  on  to  suppuration  and  abscess,  forming  the  so-called  PARULIS. 
i'The  abscess  usually  bursts  into  the  mouth,  but  it  may  produce  ex- 
j  tensive  swelling  of  the  gum,  and  lead  even  to  penetration  outwards, 
resulting  in  a  fistulous  opening  in  the  skin. 

The  result  may  be  even  more  serious  if  the  periosteum  of  the 
jaw  becomes  inflamed,  resulting,  it  may  be,^n  suppuration  which  is 
apt  to  be  chronic.  With  the  periostitis  there  is  usually  new-formation 
of  bone,  causing  thickening  of  the  jaw. 

It  is  to  be  added  that  these  inflammations  of  the  root-membrane  and 
periosteum  of  the  jaw  sometimes  occur  apart  from  caries,  as  a  result, 
for  instance,  of  poisoning  Avith  phosphorus  or  mercury,  and  in  scurvy. 
In  that  case  the  inflammation  is  not  limited  to  the  neighbourhood  of 
one  tooth,  but  extends  probably  to  a  series. 

The  cement,  which,  it  must  be  remembered,  is  composed  of  bony 
'  tissue,  sometimes  undergoes  a  hypertrophy  to  which  the  name  EXOS- 
TOSIS or  OSTEOMA  is  often  given.  This  is  scarcely  a  true  bony  tumour, 
but  originates  rather  in  a  chronic  inflammation  of  the  cement,  leading 
to  a  considerable  new-forination  of  bony  tissue.  In  this  way  are 
formed  prominent  tuberous  outgrowths  from  the  roots  of  the  teeth, 
which  may  be  localized  to  one  part  of  the  fang,  or  cover  a  considerable 
portion  of  it,  or  even  the  whole  root  portion  of  the  tooth.  In  the 
latter  case  it  is  as  if  the  root  were  enlarged  by  rough  accretions  on  its 
surface.  These  so-called  exostoses  sometimes  off'er  serious  resistance  to 
the  extraction  of  the  teeth. 

Another  form  of  tumour  connected  with  the  teeth  is  that  which 
Virchow  has  called  the  odontoma.  This  tumour  arises  in  connection  with 
teeth  retained  in  the  alveoli  by  faulty  development.  The  tumours  are 
composed  of  dentine  and  enamel,  and  are  of  small  size  and  rare  occurrence. 
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B.— THE  SOFT  PALATE,  PHARYNX,  AND  TONSILS. 

Introductory  Observations.— In  studying  the  diseases  of  the.s. 
parts  there  are  two  circumstances  to  be  taken  into  account  very  caic 
fully  :  the  one  concerns  the  structure  of  the  mucous  membrane,  and  tlie 
other  the  circumstances  as  to  its  exposure  to  influences  from  without. 

The  mucous  membrane  here  differs  from  that  of  the  mouth  propci 
chiefly  in  respect  that  in  addition  to  the  ordinary  mucous  glands  then; 
are  numerous  lymphatic  follicles.  The  distinction  between  these  two  is 
not  always  correctly  appreciated.  The  mucous  glands  are  racemose 
glands  with  proper  ducts,  opening  on  the  surface  of  the  mucous  mem- 
brane. The  follicular  glands,  as  they  are  often  called  in  rather  a  con- 
fusing way,  are  strictly  comparable  with  the  closed  follicles  of  the 
intestine.  In  the  jjharynx,  soft  palate,  and  root  of  the  tongue  they 
occur  in  the  form  of  isolated  rounded  masses  of  lymphatic  tissue,  like 
the  solitary  follicles  of  the  intestine.  In  the  tonsils  we  have  aggrega- 
tions of  these  follicles  not  unlike  Peyer's  patches.  The  prominence 
of  these  follicles  in  the  tonsils  causes  the  mucous  membrane  to  be 
thrown  into  folds,  and  so  we  have  comparatively  deep  recesses,  whicli 
are  sometimes  called  crypts,  and  in  which  secretions  may  accumulate, 
especially  if  their  depth  is  exaggerated  by  diseased  conditions. 

The  other  circumstance  alluded  to  is  that  from  their  exposed  condi- 
tion these  parts  are  peculiarly  prone  to  irritation  from  agents  coming 
to  them  by  the  inspired  air.  The  mucous  membrane  of  the  mouth 
generally  seems  peculiarly  resistant  to  external  irritations,  but  here, 
where  there  is  the  transition,  as  it  were,  from  the  mucous  membrane 
exposed  to  external  influences  to  that  protected  from  them,  these  in- 
flammatory manifestations  occur  with  peculiar  frequency.  Almost  all 
the  diseases  we  have  to  treat  of  here  are  forms  of  inflammation,  and  it 
is  usual  to  describe  these  under  the  general  designation  of  Angina. 

INFLAMMATIONS  OF  THE  FAUCES. 

Acute  catarrhal  angina. ^ — This  forms  the  most  ordinary  sore 
throat,  and  occurs  either  from  "  cold,"  especially  at  seasons  of  the  year 
when  sudden  changes  of  temperature  are  prevalent,  or  as  a  local  sym- 
ptom of  a  general  disease  such  as  measles,  scarlet  fever,  small-pox.  b 
may  be  said  regarding  scarlet  fever,  small-pox,  and  diphtheria  that  tlie 
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throat  affection  in  them  begins  with  an  acute  catarrh,  but  that,  espe- 
cially in  scarlet  fever  and  diphtheria,  it  nearly  always  goes  on  to  some- 
thing more  serious.    In  the  simple  catarrh  there  is  redness  and  swelling 
;  of  the  mucous  membrane  with  a  mucous  exudation  which  covers  the 
i  surface  and  may  have  a  tough  consistence.    Sometimes  vesicles  form  on 
I  the  mucous  membrane. 

! 

Chronic  catarrh  very  frequently  follows  on  the  acute  form,  espe- 
cially when  there  have  been  repeated  attacks.     The  conditions  are 
.  somewhat  different  in  different  cases,  and  rather  complicated  classifica- 
.  tions  have  been  introduced.    As  in  other  chronic  inflammations  there 
is  here,  for  the  most  part,  thickening  of  the  mucous  membrane,  but 
;  there  are  different  ways  in  which  this  may,  to  some  extent,  localize 
\  itself.    There  may  be  a  general  hypertrophy  of  the  superficial  layers  of 
i  the  mucous  membrane,  and,  as  the  blood-vessels  remain  congested,  it  is 
a  rather  succulent  swelling.     This  causes  what  is  called  the  relaxed 
i  throat.    The  appearances  are  most  pronounce^d  in  the  case  of  the  uvula, 
which  becomes  elongated,  sometimes  to  a  very  marked  extent.  At 
other  times  the  swelling  is  not  so  uniform,  but  with  some  general 
thickening  there  is  an  occasional  localized  prominence  causing  the 
mucous  membrane  to  assume  a  granular  appearance.    This  form  occurs 
mostly  among  clergymen,  singers,  actors  and  others  whose  occupation 
requires  them  to  use  their  voices  for  prolonged  periods  with  a  loud  tone. 
It  is  not  by  any  means  certain  what  the  exact  structure  of  the  promin- 
ent granulations  in  this  disease  is,  but  it  seems  likely  that  there  are 
really  two  conditions  included  under  the  name.    In  one  of  them  the 
mucous  glands  are  involved  and  may  be  seen  discharging  a  milky  fluid. 
In  the  other  the  enlargement  is  not  connected  with  the  mucous  glands, 
but  is  usually  supposed  to  depend  on  enlargement  of  the  closed 
follicles,  although  Stoerk  has  recently  stated  that  it  really  consists  of  a 
hypertrophy  of  the  epithelium.    The  condition  is  often  called  folhcular 
pharyngitis  from  the  view  that  the  closed  follicles  are  mainly  concerned. 
Ulcers  may  form  in  connection  with  these  swelHngs  and  they  are  called 
follicular  ulcers. 

Acute  phlegmonous  inflammation  of  the  fauces  frequently 
results  in  the  formation  of  abscesses.  It  is  a  condition  of  somewhat 
common  occurrence.  Here  there  is  not  merely  a  surface  catarrh,  but 
the  mucous  membrane  and  submucous  tissue  are  involved  in  an  acute 
inflammation  of  a  very  intense  kind  which  usually  goes  on  to  suppura- 
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tion.  The  disease  very  commonly  begins  on  one  side  and  frequently 
involves  the  tonsil,  sometimes  extending  thence  to  the  posterior  wall  of 
the  pharynx.  The  swelling  and  redness  are  very  great  from  hyper- 
aemia  and  oedema  of  the  whole  structures,  and  the  patient  may  have 
difficulty  in  opening  the  mouth.  If  it  goes  on  to  suppuration  the  pus 
often  collects  and  forms  an  abscess  which  bursts  into  the  throat.  In 
some  cases  the  acute  inflammation  extends  downwards  to  the  base  of 
the  epiglottis  and  the  case  becomes  dangerous  because  of  the  possible 
supervention  of  oedema  glottidis.  It  should  be  added  that  the  name 
QUINCY  is  applied  to  this  disease  as  well  as  to  a  more  local  inflammar 
tion  of  the  tonsils  alone. 

The  causes  of  the  inflammation  are  frequently  obscure.  It  seems  as 
if  some  intense  irritant  were  acting  on  the  fauces,  and  the  fact  that 
severe  sore-throats  often  occur  in  a  number  of  persons  about  the  same 
time  would  point  to  the  existence  of  a  virus  of  some  kind.  The  occur- 
rence of  a  similar  inflammation  in  scarlet  fever  is  also  confirmatory  of  tha 
supposition  that  the  disease  owes  its  origin  to  a  virus.  It  sometimes  hap- 
pens that  the  inflammation,  after  attacking  one  side,  passes  round  and 
involves  the  other,  and  this  looks  like  an  irritant  which  propagates  itself. 

Diphtheria. — The  changes  Avhich  occur  in  this  disease  have  already 
been  referred  to  in  considering  its  manifestations  in  the  air  passages. 
It  usually  begins  in  the  fauces  and  has  its  centre  there.  The  charac- 
teristic phenomenon  here  is  the  formation  of  a  fibrinous  exudation.  In 
order  to  that  there  must  be  the  necrosis  of  the  epithelium  on  the  surface. 
As  we  have  seen  there  is  usually  in  the  fauces  a  deej^er  necrosis  involv- 
ing the  mucous  membrane  to  a  greater  or  less  depth.  Besides  the 
exudation  and  necrosis  there  are  other  signs  of  inflammation,  chiefly  i " 
the  presence  of  leucocytes  infiltrating  the  mucous  membrane  and  pass 
ing  into  the  exudation. 

It  sometimes  happens  that  the  mucous  membrane  is  not  involved  in 
the  exudation,  so  that  when  the  exudation  is  removed  there  is  no  loss 
of  substance.  As  a  rule,  however,  there  is  necrosis  of  the  mucous 
membrane,  and  this  in  all  degrees  till  we  come  to  the  so-called  gangren- 
ous form.  In  this  form,  as  the  exudation  separates,  it  carries  with  it 
portions  of  tissue,  and  as  these  only  by  degrees  become  detached  from 
the  living  tissue,  it  looks  as  if  exudation  and  dead  tissue  were  together 
sloughs  of  the  mucous  membrane.  These  sloughs  frequently  look  more 
serious  than  they  are,  but  there  may  be  considerable  loss  of  substance, 
and  ulcers  of  some  depth  and  size  may  be  left. 
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The  disposition  of  the  patches  of  exudation  is  very  various.  Some- 
times they  are  mainly  on  the  tonsils,  sometimes  on  the  soft  palate  and 
uvula.  Extension  to  the  posterior  nares  on  the  one  hand  and  to  the 
larynx  on  the  other  is  very  frequent,  the  latter,  as  we  have  seen,  being 
particularly  common. 

.  Acute  Tonsillitis  is,  as  we  have  seen,  occasionally  a  part  of  a 
I  general  phlegmonous  inflammation  of  the  fauces.  Occurring  more  in- 
dependently it  is  accompanied  by  considerable  swelling,  consisting  of 
an  inflammatory  infiltration  of  the  lymphatic  follicles  of  the  tonsils. 
Sometimes  it  goes  on  to  suppuration,  but  rarely  does  so  when  the  ton- 
^sils  alone  are  affected.  The  swelling  in  many  cases  does  not  fully 
subside,  and  gives  rise  to  a  more  or  less  permanent  enlargement  such  as 
iwe  have  next  to  consider. 

Chronic  Tonsillitis  mainly  shows  itself  in  the  form  of  hyper- 
i  TROPHY  OF  THE  TONSILS.  Certain  persons,  especially  in  youth,  are- 
prone  to  repeated  subacute  inflammations  of  (the  tonsils,  and  as  these 
recur  the  tonsils  acquire  a  permanent  enlargement.  This  consists  ana- 
tomically in  a  true  hypertrophy  of  the  lymphatic  follicles,  although 
there  is  sometimes  also  an  increase  of  the  interstitial  connective  tissue. 
For  this  reason  the  tonsils  are  rarely  much  indurated,  the  soft  lym- 
phatic tissue  existing  so  abundantly  as  to  make  the  structure  as  a  whole 
somewhat  soft.  The  hypertrophy  appears  to  be  not  always  the  result 
of  chronic  inflammation,  or  at  least  it  is  frequently  altogether  out  of 
'proportion  in  amount  to  the  inflammation.  The  greatest  degree  of 
hypertrophy  is  met  with  in  children,  and  they  are  not  so  liable  to  acute 
tonsillitis  as  youths.  There  are  cases  even  of  congenital  hypertrophy 
of  the  tonsils,  and  there  are  still  more  frequent  cases  of  a  gradual  en- 
largement without  any  apparent  attacks  of  inflammation.  In  this  way 
!  the  tonsils  may  acquire  very  large  dimensions,  reaching  the  size  of  a 
hen's  egg  on  some  occasions. 

Syphilitic  Disease  of  the  Fauces.— This  manifests  itself  in 
multifarious  ways.  A  persistent  catarrh  having  the  ordinary  characters 
of  subacute  simple  catarrh  is  very  common.  Mucous  tubercles  or  con- 
dylomata are  tolerably  frequent,  especially  in  the  pillars  of  the  fauces 
and  in  the  soft  palate.  In  the  tertiary  stage,  with  or  without  the  formation 
of  gummata,  there  may  be  ulceration  of  the  mucous  membrane.  Not  in- 
frequently the  ulceration  extends  very  deeply  and  causes  destruction  of 
the  uvula  and  palate.    It  may  extend  to  the  epiglottis  and  so  further. 


586 


DISEASES  OF  THE  ALIMENTARY  CANAL. 


It  is  frequently  accompanied  by  considerable  thickening  and  cicatricial 
contraction,  so  that  it  may  lead  to  great  deformity  and  sometimes  t 
stenosis  of  the  pharynx. 

Tubercular  Ulcers. — These  are  of  very  rare  occurrence  here,  al- 
though so  common  in  the  larynx.  The  disease  is  associated  with 
phthisis  pulmonalis,  and  is  really  due  to  an  extension  upwards  of  tuber 
cular  ulceration  of  the  larynx.  It  occurs  in  the  form  of  superficia 
ulcers,  originally  of  a  circular  form. 

The  Tumours  of  the  Fauces  are  not  so  different  from  those  o 
the  mouth  as  to  call  for  very  special  remark,  and  they  are  "altogether  o 
much  less  frequent  occurrence.  We  meet  Avith  papillary  excrescences, 
cysts,  sarcomas,  and  epitheliomas. 


C— THE  (ESOPHAGUS. 

The  diseases  of  this  j)art  of  the  alimentary  canal  are  important  fro 
a  practical  point  of  view,  chiefly  because  of  the  natural  narrowness  o 
the  tube.    The  mucous  membrane  of  the  oesophagus  is  covered  by  a 
thick  layer  of  stratified  flat  epithelium,  and  the  mucous  glands  are 
comparatively  few. 

Dilatation  of  the  (Esophagus. — Of  this  somewhat  frequent  con- 
dition two  forms  may  be  distinguished.  Besides  a  local  dilatation  about 
to  be  mentioned,  we  have  a  general  dilatation  of  the  tube  as  a  re- 
sult of  obstruction  at  any  part  of  its  course.  The  obstruction  is  mostly 
low  down  in  the  oesophagus  and  may  be  even  at  the  cardiac  end  of  the 
stomach;  or  the  stomach  and  oesophagus  may  be  simultaneously  dilated 
by  obstruction  of  the  pyloric  end  of  the  stomach.  With  the  dilatation 
in  these  cases  there  may  be  considerable  thickening  of  the  musculai' 
coat,  although  this  is  not  always  present. 

Contrasted  with  this  general  dilatation  is  the  partial  dilatation 
or  DIVERTICULUM.  The  mode  of  origin  of  these  diverticula  is 
sometimes  obscure.  There  are  some  which  seem  to  oAve  their 
origin  to  an  imperfect  closure  of  the  communication  between  the 
oesophagus  and  the  trachea  during  fwtal  life.     If  this  closure  be 
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delayed,  then  the  Avail  of  the  oesophagus  may  remain  bulged  out  m 
front  and  from  this  beginning  a  larger  diverticulum  may  arise.  More 
commonly,  however,  the  diverticula  form  on  the  posterior  wall  at  the 
lower  part  of  the  pharynx  or  upper  part  of  the  oesophagus.  It  is 
probable  that  for  the  most  part  these  originate  by  a  piece  of  hard  food 
lodging  in  a  fold  of  the  mucous  membrane,  and  being  gradually  pushed 
outwards,  carrying  the  wall  of  the  tube  with  it.  As  the  sac  enlarges,  it 
hangs  downwards  with  its  mouth  presenting  upwards,  and  so  it  is  always 
ready  to  receive  the  food  in  its  passage  downwards.  It  is  probable  that 
;  in  most  of  these  cases  there  is  a  separation  of  the  fibres  of  the  muscular 
coat  of  the  oesophagus  or  pharynx,  and  that  the  mucous  membrane  is 
pushed,  as  it  were,  through  the  muscular  coat.  It  is  consistent  with 
this  view  that  the  diverticula  are  most  common  at  the  junction  of 
pharynx  and  oesophagus,  where  the  circular  muscular  coat  is  thinnest. 
If  the  sac  is  of  any  considerable  size  and  filled  with  food,  it  will  press  on 
the  oesophagus  below  its  mouth,  and  of  itself  produce  an  obstruction. 
In  this  way  the  food  is  prevented  passing  down  the  oesophagus  and  goes 
readily  into  the  sac.  We  have  therefore,  for  the  most  part,  a  continu- 
ally increasing  enlargement  of  the  diverticulum  which  may  reach  the 
dimensions  of  a  child's  head  or  larger.  It  contains  the  remains  of  the 
decomposing  food,  with  more  or  less  mucus  which  is  sometimes  present 
in  considerable  masses.  If  the  diverticulum  is  moderate  in  size  its  wall 
may  still  contain  some  muscular  fibre,  although,  from  what  has  been 
already  mentioned,  it  will  appear  that  the  muscular  coat  is  mostly  absent 
except  just  at  the  neck. 

Besides  the  two  modes  of  origin  already  mentioned  a  third  has  been 
distinguished.  The  lymphatic  glands  at  the  root  of  the  lung  sometimes, 
after  enlarging,  undergo  softening  and  cicatricial  contraction.  If  a 
gland,  under  these  circumstances,  has  acquired  adhesion  to  the  oesopha- 
gus, it  may  in  its  contraction  drag  the  wall  of  the  latter  outwards.  In 
this  way  the  oesophagus  may  acquire  a  fimnel-shaped  pouch  which  is 
liable  to  enlargement  by  the  food  being  pushed  against  it.  As  it  is 
mostly  the  bronchial  glands  that  are  concerned  here,  such  diverticula 
are  usually  found  near  the  bifurcation  of  the  trachea,  and  they  some- 
times perforate  into  the  trachea,  forming  fistulous  openings.  They 
have  also  been  observed  to  perforate  into  neighbouring  cavities  such 
as  the  pericardium  or  pleura,  producing  serious  inflammations  of  these. 


Obstruction  of  the  (Esophagus.— This  condition  may  arise  as  a 
consequence  of  pressure  from  without,  by  tumours,  aneurisms,  abscesses. 
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But  it  is  much  more  frequent  from  disease  in  the  tube  itself.  Ulcers 
of  various  kinds,  by  the  cicatricial  contraction  incident  to  attempts  at 
healing,  may  induce  obstruction,  as,  for  example,  ulcers  from  swallowing 
strong  acids,  syphilitic  ulcers,  etc.  Still  more  frequent  are  obstruction 
from  tumours  of  the  cesoi3hagus,  and  especially  cancers,  which  we  shall 
have  to  refer  to  immediately.  As  we  have  already  seen,  obstructions  of 
the  oesophagus  frequently  give  rise  to  dilatations  with  hypertrophy  of 
the  muscular  coat  above  the  seat  of  constriction.  Sometimes  the  dilata- 
tion becomes  more  partial,  so  that  with  a  general  dilatation  there  is 
a  partial  diverticulum. 


Inflammations  of  the  oesophagus  are  of  comparatively  little  moment. 
The  mucous  membrane  is  formed  so  as  to  resist  the  action  of  irritants, 
and  unless  the  action  be  peculiarly  strong  we  have  not  considerable 
inflammation.  When  strong  acids  or  alkahes,  or  substances  at  a  high 
temperature,  are  sAvallowed,  they  may  cause  superficial  necrosis  and 
considerable  inflammation  of  the  mucous  membrane.     The  small-pox 

eruption  may  extend  into  the  oesopha- 
gus, producing  inflammation  there. 

Strong  acids  or  alkalies  when  swal- 
lowed usuall}'-  produce  much  more  seri- 
ous results  in  the  stomach  than  in  the 
oesophagus,  as  they  pass  rapidly  over 
the  surface  of  the  latter.  Acids  pro- 
duce whitish,  yellowish,  or  brownish 
sloughs  of  the  epithelium,  sometimes 
j)enetrating  to  the  mucous  membrane 
itself.  Caustic  alkalies,  on  the  other 
hand,  dissolve  the  ej^ithelium,  produc- 
ing a  greyish  gelatinous  material  which 
lies  on  the  surface.  If  they  pefnetrate 
to  the  mucous  membrane  they  reduce 
it  to  a  soft,  brownish,  half-diffluent 
substance.  If  recover}'-  occurs,  there 
are  at  first  ulcers  with  more  or  less 
violent  inflammation,  and  afterwards 
Fig.  241.— Perforating  ulcer  in  lower  part  healing  with  Contraction  of  the  ulcers 

of  oBSopliagus.    The  ulcer  penetrated  the         i  •■,  -j       i  i   ^^r-i'i-xr 

main  bronchus  of  the  left  lung.  and  possibly  Considerable  narrowing 

of  the  tulje. 

Small-pox  pustules  in  the  oesophagus  are  very  similar  to  those  in  the 
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mouth,  and,  hke  them,  they  readily  lose  their  epithelial  covering  and 
become  converted  into  ulcers.  They  are  accompanied  by  signs  of  inflam- 
mation of  the  mucous  membrane  generally. 


Perforating  Ulcers  of  the  (Esophagus. — A  few  cases  have  been 

1  observed  of  round  ulcers  in  the  lower  part  of  the  oesophagus  similar  to 
those  which  will  be  described  as  of  common  occurrence  in  the  stomach. 

■Figure  241  represents  an  ulcer  of  this  kind  which  perforated  into  the 
left  main  bronchus,  causing  gangrene  of  the  lung  on  account  of  the 

ifood  passing  in.    There  have  been  cases  also  in  which  the  ulcer  has 

:  penetrated  into  the  aorta. 

Tumours  of  the  (Esophagus. — Simple  tissue  tumours  are  rare.  We 
meet  with  lipomas  and  fibromas,  and  the 
author  has  described  of  myoma  (Fig. 

!  242)  in  which  a  tumour  4f  inches  long  and 

2  inches  in  thickness  was  attached  by  a  conioj 
paratively  narrow  neck,  and  produced  death 
by  obstructing  the  tube.  Polypoid  tumours 
of  a  similar  form  are  met  with  having  a  fibrous 
structure. 

Cancer  of  the  oesophagus  is  by  far  the 
most  important  form  of  tumour  met  with. 
The  cancer  is  nearly  always  in  the  form  of 
flat-celled  epithelioma,  and  in  its  histological 
details  closely  conforms  to  cancer  of  the  lip. 
The  masses  of  epithelial  cells  infiltrate  the 
spaces  in  the  underlying  connective  tissue,  and 
the  tumour  also  projects  somewhat  into  the 
calibre  of  the  tube.  Here  also  there  is  a  great 
tendency  to  ulceration,  the  mechanical  action 
'  -f  the  food  in  swallowing  doubtless  contribut- 
ing to  this  result. 

The  tumour  begins  at  a  limited  part  of  the  '^^t^'^^X^^ 
mucous  membrane,  but  it  has  a  special  tendency  ^S::^!:^^:^^. 
to  extend  round  the  tube  in  the  form  of  a  ring.  ^::tc^^STS. 
i  There  has  been  considerable  discussion  as  to  Half  the  natural  size, 

the  most  common  situation  of  the  tumour,  and  the  result  of  the 
comparison  of  various  statistics  seems  to  be  that  the  most  frequent 
seat  is  the  lower  third.      Scarcely  less  frequent  than  this  is  the 


Fig.  242.— Polypoid  myoma  of 
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middle  third,  and  especially  the  place  corresponding  with  the  bifur- 
cation of  the  trachea.  In  the  upper  third  epithelioma  is  comparatively 
infrequent. 

This  form  of  tumour  frequently  leads  to  obstruction  of  the  cesopha- 
gus,  and  it  produces  this  result  in  more  ways  than  one.  On  examining 
the  cesophagus  after  death  the  seat  of  the  tumour  is  often  indicated 
externally  by  a  narrowing  of  the  tube,  which  is  also  more  rigid  here 
than  elsewhere.  The  infiltration  of  the  walls  of  the  oesophagus,  by 
irritating  the  connective  tissue,  causes  a  chronic  inflammation  with  the 
usual  new-formation  of  connective  tissue,  which  contracts  and  narrows 
the  tube.  Besides  this,  the  mere  rigidity  of  the  tube  preventing  its 
dilatation  when  the  morsel  is  being  swallowed,  may  produce  during  life  a 
feeling  of  obstruction  at  the  point  concerned.  The  projection  of  the 
tumour  into  the  calibre  is  another  element,  which  tells  especially  in  the 
earlier  periods.  But  as  ulceration  occurs,  this  projection  of  the 
tumour  usually  becomes  inconsiderable,  and  there  may  even  be  a 
temporary  relief  to  the  stricture  by  partial  destruction  of  the  tumour. 
The  ulceration  itself,  however,  by  inducing  still  further  cicatricial  con- 
traction, may  ultimately  confirm  the  obstruction. 

The  tumour  sometimes  extends  from  the  oesophagus  to  neighbouring 
lymphatic  glands,  or  to  surrounding  structures,  and  so  we  may  have  the 
trachea,  bronchi,  or  lungs  involved  in  it.  Sometimes  it  extends  to  the 
diaphragm,  pericardium,  vertebrae,  etc. 


D.— THE  STOMACH. 

Introductory.— In  considering  the  diseases  of  the  stomach,  it  is 
necessary  to  bear  in  mind  certain  points  in  regard  to  its  structure  and 
functions.  The  innumerable  glands  which  exist  in  the  mucous^  mem- 
brane are  regularly  engaged  in  the  formation  of  the  gastric  juice  for 
the  purposes  of  digestion.  The  diseases  of  the  stomach  very  readily 
interfere  with  the  function  of  these  glands,  so  that  the  secretion  of 
gastric  juice  is  insufficient  in  quantity  or  deteriorated  in  quality.  In 
that  case  the  food  is  apt  to  lie  in  the  stomach  undigested,  and  it  very 
commonly  undergoes  various  forms  of  decomposition.  The  products  of 
decomposition  acting  on  the  mucous  membrane  still  further  interfere 
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with  the  process  of  secretion,  and  by  their  irritative  action  keep  up 
or  induce  a  condition  of  catarrh  of  the  stomach.  Gases  also  develop 
in  the  process  of  decomposition,  and  these,  by  distending  the  organ, 
interfere  with  its  proper  peristaltic  movements,  and  so  hinder  the  pas- 
sage of  the  food  through  the  pylorus. 

But  it  is  not  merely  local  diseases,  such  as  inflammations  and 
■tumours,  which  interfere  with  the  secretion  of  the  gastric  juice. 
Changes  characterized  by  cloudy  swelling  and  fatty  degeneration  are 
met  with  in  the  glandular  epithelium  in  numerous  infective  diseases, 
small-pox,  typhus,  septicaemia,  as  also  in  poisoning  with  phosphorus, 
etc.  In  these  cases  the  secretion  of  the  gastric  juice  may  be  almost  at 
a  standstill,  and  if  food  be  introduced  it  is  apt  to  lie  in  the  stomach ; 
by  its  mere  presence,  and  by  the  action  of  the  products  of  decomposi- 
tion, it  may  produce  still  further  structural  changes. 

The  forms  of  decomposition  which  the  food  undergoes  Avhen  it  lies 
undigested  in  the  stomach  are  various,  but  the  chief  are  those  char- 
acterized by  the  development  of  acetic,  lactic,-,  and  butyric  acids.  The 
agents  in  these  changes  are  micro-organisms  which  are  introduced  in 
abundance  with  the  food  and  i3ropagate  in  the  stomach,  unless  their  multi- 
plication is  hindered  by  the  action  of  the  gastric  juice.  In  the  contents 
of  the  stomach,  when  at  any  time  they  are  discharged  during  life, 
swarms  of  bacteria  are  found,  and  in  addition  there  are  nearly  always 
proliferating  spores  of  fungi  and  sometimes  large  numbers  of  sar- 
cinse. 

It  has  been  mentioned  that  the  products  of  decomposition  irritate 
the  mucous  membrane,  but  in  addition  to  that  the  organisms  have  been 
found  in  some  cases  to  enter  the  glands  and  mucous  membrane.  In 
cases  observed  the  action  of  such  organisms  has  produced  little  pus- 
tules in  the  mucous  membrane,  or  even  larger  prominences  with 
necrosis  and  ulceration.  It  may  be  inferred  that  it  is  organisms  of  a 
special  kind  or  in  a  pecuhar  state  of  activity  Mdiich  thus  penetrate  into 
the  mucous  membrane. 

Stagnation  of  the  food  in  the  stomach  and  its  decomposition 
will  occur,  as  we  have  already  mentioned,  when  anything  interferes 
with  proper  digestion.  But  it  will  occur  still  more  when  by  stricture 
of  the  pylorus  there  is  a  mechanical  obstacle  to  the  passage  from  the 
stomach.  In  such  cases  the  gastric  juice  may  be  secreted  nearly  in  the 
normal  way,  or  it  may  not,  and  so  according  to  circumstances  there 
will  be  greater  or  less  decomposition  of  the  food. 

Besides  the  mere  local  effects  induced  by  the  products  of  decom- 
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position,  it  is  to  be  remembered  that  tlie  mucous  membrane  of  tlic 
stomach  is  actively  engaged  in  absorption,  and  that  these  products  ma\ 
to  some  extent  be  taken  into  the  blood.  It  is  j)i"obable  that  much  of 
the  headache  and  other  nervous  symptoms  occurring  in  dyspepsia  i.s 
due  to  the  existence  in  the  blood  of  small  quantities  of  these  poisonous 
agents  and  their  action  on  the  nervous  sj^stem.  Some  of  these  sym 
ptoms  may  be  reflex,  but  to  a  certain  extent  they  are  more  probably 
direct. 

When  the  food  remains  in  the  stomach  and  accumulates  there,  it  is 
usually  got  rid  of  after  a  time  by  vomiting.  This  action  is  produced  1)}' 
irritation  of  a  centre  in  the  medulla  oblongata,  and  the  muscles  em- 
ployed are  mainly  those  used  in  respiration,  but  in  different  combina- 
tions. The  centre  may  be  irritated  directly,  as  by  introduciiiL' 
apomorphia  or  tartar  emetic  into  the  blood,  or  by  disease  of  the 
brain  itself.  But  in  the  case  we  are  considering  it  is  irritated  by  reflex 
stimulation,  the  stimulation  taking  origin  in  centripetal  fibres  in  the 
stomach  itself.  The  occurrence  of  vomiting  is  dependent  on  the  nature 
and  amount  of  the  irritation  applied  and  on  the  sensitiveness  of  the 
centre  in  the  individual. 

Post-mortem  Changes. — After  death  any  remains  of  food  lying  in 
the  stomach  are  apt  to  decompose  rapidly,  especially  as  the  gastric 
juice  in  most  cases  is  not  secreted  in  the  normal  way  up  to  the  period 
of  death,  and  so  the  decomposition  is  not  interfered  mth.  The  decom- 
posing juices  therefore  act  readily  on  the  mucous  membrane,  and  the 
decomposition  may  even  extend  to  the  latter.  The  principal  changes 
produced  are  alterations  in  colour,  resulting  from  chemical  changes 
in  the  colouring  matter  of  the  blood.  The  colouring  matter  may  become 
diffused  out  of  the  blood-vessels  and  stain  the  mucous  membrane  of  a 
generally  red  hue,  the  colour  being  specially  pronounced  in  the  neigh- 
bourhood of  the  larger  vessels.  There  is  often  a  greenish  colour  devel- 
oped by  the  decomposition  of  the  blood.  Lastly,  the  colour  may  be 
almost  black  or  slaty,  but  in  many  cases  this  deep  colour  is  not 
altogether  post-mortem,  depending  rather  on  a  true  pigmentation  from 
chronic  catarrh  of  the  mucous  membrane. 

Softening  of  the  stomach  is  also  a  post-mortem  change.  It  i> 
really  a  digestion  of  the  coats  of  the  stomach  by  the  gastric  juice.  As 
a  rule  in  persons  near  death  the  gastric  juice  is  not  secreted  normally, 
but  if  the  person  die  somewhat  suddenly  then  there  may  be  a  considoi  - 
able  amount  of  active  gastric  juice  in  the  stomach  at  the  time  of  death. 
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'  When  the  mucous  membrane  of  the  stomach  dies,  the  gastric  juice  in 
such  cases  begins  to  digest  it,  and  so  a  softening  occurs  which  may  ex- 
tend beyond  the  mucous  membrane.    As  already  hinted,  this  condition 
occurs  mostly  in  persons  who  die  suddenly,  especially  if  the  body  is 
kept  in  a  warm  place,  and  it  is  more  frequent  in  children  than  in  adults. 
,  In  the  slightest  degree  the  mucous  membrane  alone  is  softened,  and  it 
I  can  be  removed  from  the  surface  of  the  muscular  coat  with  the  finger 
as  a  soft  paste.    Penetrating  deeper,  the  muscular  coat  and  even  the 
:  serous  coat  may  be  half  liquefied,  so  that  on  handling  the  stomach 
it  may  be  perforated.    The  stomach  may  even  rupture  in  the  body, 
I  and  the  contents  pass  outwards  producing  softening  in  neighbouring 
i  parts.     In  some  cases  the  diaphragm  has   been   softened  in  this 
way,  and  the  stomach  contents  have  passed  partly  into  the  pleural 
cavity. 

These  changes,  both  the  ordinary  alterations  from  decomposition  and 
the  softening  of  the  coats  by  digestion,  occur  in  those  parts  of  the 
stomach  where  the  contents  have  been  lyin^^  after  death.  This  is 
generally  the  neighbourhood  of  the  fundus.  As  the  contents  are  usually 
fluid,  it  is  often  seen  that  the  changes  stop  short  at  a  definite  level  and 
the  unaltered  mucous  membrane  rapidly  emerges  from  the  altered  part. 
The  pyloric  portion  of  the  stomach,  as  it  iisually  lies  highest,  is  least  fre- 
quently aff"ected,  and  this  is  important,  as  that  part  of  the  stomach  is 
the  most  frequent  seat  of  disease. 

It  will  be  understood  that  many  of  the  pathological  changes  of  the 

'  stomach  will  be  obscured  by  the  occurrence  of  these  post-mortem 

I  changes. 

DILATATION  AND  HYPEETROPTIY  OF  THE  STOMACH. 

These  conditions  mostly  result  from  obstruction  to  the  passage  of 
'  food  through  the  pylorus  from  contraction  of  that  orifice.  It  is  also 
stated  that  sometimes  a  simple  weakness  of  the  muscular  coat  allows  of 
:  passive  distension.  Obstruction  of  the  pylorus  causing  an  accumulation 
of  the  stomach  contents  leads  in  the  first  instance  to  a  simple  distension 
of  the  organ.  The  distension  tells  chiefly  on  the  parts  which  are  free 
to  swell  out.  The  lesser  curvature  is  fixed  by  its  attachments,  and  it 
usually  retains  nearly  its  normal  position  except  that  its  middle  part  is 
somewhat  dragged  downwards  (see  Fig,  243).  The  greater  curvature,  on 
the  other  hand,  is  carried  downwards,  and  the  stomach  may  virtually 
fill  the  entire  abdomen,  reaching  as  far  as  the  symphysis  pubis  in  some 
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cases.  Sometimes  the  pylorus  is  depressed  and  the  duodenum  corres- 
pondingly displaced. 


Fig.  243. — Dilatation  of  the  stomach,  shown  diagrammatically.  The 
stomach  is  shaded,  a  being  cardiac,  and  b,  pyloric  orifice.  The  greater 
curvature  is  much  depressed,  while  the  lesser  curvature  fixed  at  its  two 
extremities  forms  a  sharp  curve,  in  the  bend  of  which  are  visible  the  first 
loop  of  the  jejunum  (e),  and  the  region  of  the  pancreas  (d) ;  //,  trans- 
verse colon  depressed ;  in  the  midst  of  it  the  position  of  the  umbilicus  is 
indicated.  (After  Penzoldt.) 

It  may  be  anticipated  that  when  there  is  obstruction  of  the  pylorus 
there  will  be  an  effort  on  the  part  of  the  muscular  coat  to  overcome 
it,  just  as  in  the  hypertrophy  of  the  heart  from  obstruction  of  the 
aortic  orifice,  or  the  similar  hypertrophy  of  the  urinary  bladder.  But 
the  muscular  coat  of  the  stomach  has  a  somewhat  different  function  to 
that  of  the  heart  or  bladder.  In  the  latter  there  is  a  simultaneous  con- 
traction of  the  entire  muscle  with  a  view  to  the  emptying  of  the  viscus. 
In  the  stomach,  however,  the  contraction  is  vermicular,  and  its  object 
is  as  much  to  move  the  contents  about  inside  the  stomach  as  to  empty 
them  into  the  duodenum.  In  the  actual  propulsion  of  the  contents  into 
the  duodenum  it  is  the  pyloric  portion  of  the  stomach  that  is  engaged, 
and  here  also  the  material  is  carried  forward  by  a  vermicular  movement. 
Hence  the  hypertrophy  of  the  muscular  coat  in  obstruction  of  the  pylorus 
does  not  occur  uniformly  in  the  stomach,  but  locahzes  itself  in  the 
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pyloric  portion,  sometimes  even  with  a  special  thickening  just  at  the 
orifice,  forming  a  tight  sphincter.  In  these  cases,  when  the  wall  of  the 
stomach  is  divided  the  progressive  thickening  of  the  rigid  muscular 
coat  can  often  be  distinguished  as  the  pylorus  is  approached.  Along 
with  hypertrophy  of  the  muscle  there  is  very  often  thickening  of  the 
connective  tissue  in  the  mucous  membrane  and  submucous  tissue,  as  well 
as  of  that  between  the  muscular  bundles. 

INFLAMMATIONS  OF  THE  STOMACH.— GASTEITIS. 

Acute  inflammations  may  be  produced  by  the  action  of  irritant 
poisons  which  have  been  swallowed,  the  inflammation  here  being  accom- 
panied by  sloughing.  Acute  spontaneous  inflammation  is  rare  except 
'in  the  milder  forms  which  constitute  catarrh,  and  we  have  very  rarely, 
in  the  stomach,  conditions  comparable  with  the  phlegmonous  angina  of 
the  fauces,  or  the  dysenteric  inflammation  of  the  intestine.  Such 
PHLEGMONOUS  INFLAMMATIONS  are  met  with  oceasionally  in  severe  infec- 
tive diseases,  and  jDarticularly  in  puerperal  fever.  There  is  great  swelling 
and  redness  of  the  mucous  membrane,  terminating  in  a  diffuse  purulent 
infiltration  of  the  wall  of  the  stomach.  Sometimes  abscesses  have  been 
formed  in  the  wall  of  the  stomach  which  have  burst  into  its  cavity. 

Catarrh  of  the  Stomach,  on  the  other  hand,  is  a  condition  of  very 
frequent  occurrence  and  is  met  with  in  the  acute  and  chronic  forms. 

Acute  Catarrh. — This  is  induced  for  the  most  part  by  the  direct 
action  of  irritants  on  the  mucous  membrane,  mainly  by  the  use  of  irritat- 
ing foods  or  drinks.  We  have  already  seen  that,  when  food  remains  in 
the  stomach  undigested,  it  undergoes  decomposition,  and  the  irritating 
products  may  induce  an  acute  catarrh.  The  mere  prolonged  stay  of 
food  in  the  stomach  probably  induces  it,  as  when  by  exposure  to  cold 
the  secretion  of  the  gastric  juice  and  the  peristaltic  action  necessary  to 
the  process  of  digestion  are  interfered  with. 

It  is  seldom  that  the  stomach  can  be  examined  after  death  in  this 
condition,  but  from  observations  of  Beaumont  on  his  patient  Avith  a 
gastric  fistula,  as  well  as  from  experiments  on  animals,  the  appearances  of 
the  mucous  membrane  have  been  tolerably  well  made  out.  There  is 
intense  redness  with  swelling  of  the  mucous  membrane,  which  is  covered 
hy  a  layer  of  mucus  or  muco-pus,  sometimes  slightly  mixed  with  blood. 
The  appearances  are  most  marked  towards  the  pylorus,  and  sometimes 
confined  to  that  region. 
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Under  the  microscope  the  blood-vessels  in  the  mucous  membrane, 
and  especially  in  the  submucous  tissue,  are  found  enormously  dis- 
tended, and  the  epithelial  cells,  both  those  of  the  surface  and  of  the 
glands,  enlarged  and  granular. 

Chronic  Catarrh. — This  often  remains  after  one  or  more  attacks 
of  the  acute  form.  It  is  also  present  in  cases  of  passive  hypersemia  of 
the  stomach,  which  so  frequently  occurs  in  consequence  of  disease  of  the 
heart  and  liver.  Cancer  of  the  stomach  is  also  accompanied  by  chronic 
catarrh  in  most  cases. 

If  the  catarrh  is  prolonged  there  usually  occurs  a  considerable  new- 
formation  of  connective  tissue,  as  in  other  chronic  inflammations.  There 
is  thus  a  thickening  which  affects  mucosa,  submucosa,  and  muscular  coat, 
and  causes  the  surface  of  the  mucous  membrane  to  assume  an  irregularly 
folded  or  warty  appearance,  which  has  given  rise  to  the  designation  Mat 
mamelonnd.  The  mucous  membrane  also  presents,  in  many  cases,  dark 
spots  or  a  general  deep  colour  from  the  presence  of  pigment  granules  in 
the  tissue.  The  pigment  is  derived  from  the  blood,  and  indicates  the 
occurrence  of  haemorrhages,  probably  by  diapedesis.  The  increase  of 
the  connective  tissue  produces  atrophy  of  the  glands  which  are  also 
considerably  distorted. 

It  sometimes  happens  that  the  increase  of  connective  tissue  is  speci- 
ally great,  and  the  wall  of  the  stomach  may  be  converted  into  a  thick 
hard  resistant  structure.  As  all  these  processes  occur  mainly  in  the 
pyloric  portion  of  the  stomach,  considerable  narroAving  of  the  orifice 
may  result.  The  rigidity  of  the  wall  and  the  narrowing  of  the  orifice 
induce  more  forcible  muscular  contractions,  and  the  muscular  coat  there-" 
fore  hypertrophies.  In  the  interstitial  tissue  of  the  muscular  coat  there 
is  also  thickening,  and  the  fleshy  muscular  bundles  are  separated  by 
trabeculEe  of  connective  tissue.  The  resulting  appearance  is  often  very 
characteristic,  the  hypertrophied  connective  tissue  dividing  the  hyper- 
trophied  muscular  bundles  into  divisions,  which  on  section  are  somewhat 
like  the  pieces  of  a  fan.  This  thickened  and  indurated  condition  may 
closely  resemble  scirrhus  of  the  stomach,  especially  as  a  similar  appear- 
ance is  presented  by  the  muscular  coat  in  that  disease. 

Occasionally  mucous  polypi  develop  in  connection  wth  chronic 
catarrh,  and  these  may  develop  into  mucous  cysts. 
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THE  SIMPLE  PEEFOEATING  ULCER 

This  peculiar  form  of  ulcer  is  met  with  only  in  the  stomach,  first 
part  of  the  duodenum,  and  lower  part  of  oesophagus.  It  is  also  called, 
sometimes,  the  round  and  the  chronic  ulcer.  It  is  clear  from  the 
localities  in  which  it  occurs  that  its  peculiarities  are  due  to  the  action 
of  the  gastric  juice,  but  the  more  detailed  consideration  of  its  mode  of 
origin  will  be  better  taken  up  after  the  aj)pearances  of  the  ulcer  have 
been  described. 

The  ulcer  is  usually  round  or  oval  in  shape,  and  presents  the  appear- 
ance as  if  a  conical  piece  of  the  wall  of  the  stomach  had  been  punched 
out  from  within,  its  edges  being  perfectly  defined  without  any  con- 
siderable thickening  of  the  neighbouring  mucous  membrane,  and  the 
floor  of  the  ulcer  perfectly  clean,  (see  Fig.  242,  in  which  an  ulcer  of 
the  oesophagus  having  all  the  characters  of  that  of  the  stomach  is 
represented).  The  suj^erficial  extent  and  depth  of  the  ulcer  vary 
considerably.  The  commonest  size  is  about  that  of  a  shilling,  but  this 
may  be  exceeded  considerably,  and  Cruveilhier  has  described  an  ulcer 
which  was  6|  inches  long  and  3J  inches  broad.  In  the  smaller  ulcers 
the  floor  is  formed  of  the  coats  of  the  stomach,  probably  with  some  new- 
formed  connective  tissue.  In  the  larger  and  deeper  ones  the  tissue  of 
neighbouring  organs  may  be  exposed,  such  as  the  pancreas  or  liver. 
The  floor  of  the  ulcer  does  not  present  any  of  the  usual  appearances  of 
a  granulating  wound,  but  is  clean  and  smooth,  the  actual  tissue  of  the 
part  being  exposed,  perhaps  with  some  induration  from  new-formation 
of  connective  tissue. 

The  situation  of  the  ulcer  is  mostly  in  the  neighbourhood  of  the  lesser 
curvature,  and  nearer  the  pyloric  than  the  cardiac  orifice.  It  is  more 
frequent  on  the  posterior  than  the  anterior  wall.  It  is  not  uncommon 
to  find  more  than  one  ulcer  present  in  the  same  case.  Though  the  ulcer 
is  much  more  common  in  the  stomach,  yet  the  duodenal  situation  has 
been  observed  in  a  considerable  number  of  cases,  the  oesophageal  being, 
however,  exceedingly  rare.  The  ulcer  in  these  situations  has  exactly 
the  same  characters  as  that  in  the  stomach. 

The  ulcer  presents  a  tendency  to  penetrate  more  and  more  deeply, 
from  which  circumstance  it  is  named  the  perforating  ulcer.  It  does 
not  appear  to  extend  laterally  to  any  considerable  degree;  it  is  probable 
that  at  the  very  first  the  ulcer  assumes  its  full  superficial  dimensions. 
Eating  into  the  wall  of  the  stomach  it  may  penetrate  through  the  entire 
coats,  and  sundry  accidents  are  liable  to  ensue. 
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One  of  the  commonest  of  these  accidents  is  hemorrhage.  The 
ulcer  penetrates  one  or  more  vessels  at  its  base.  The  vessels  may  be 
small  and  the  haemorrhage  not  very  considerable,  but  sometimes  a  con- 
siderable artery  is  laid  open,  and  a  serious,  even  a  fatal  haemorrhage  results. 
From  the  commoner  situations  of  the  ulcers  the  arteries  most  frequently 
penetrated  are  these — the  coronary  artery  or  one  of  its  branches,  the 
gastro-epiploic,  the  pancreatic,  and  the  splenic.  Sometimes  the  open 
mouth  of  the  vessel  can  be  seen  after  death  in  the  floor  of  the  ulcer. 

Perforation  is  another  result  of  the  penetration  of  the  ulcer,  but  a 
much  less  frequent  one  than  haemorrhage.  For  the  most  part,  by  the 
time  the  ulcer  has  eaten  through  the  wall  of  the  stomach,  the  latter  has 
already  acquired  adhesion  to  some  neighbouring  structure,  and  so  actual 
rupture  of  the  stomach  and  escape  of  its  contents  into  the  peritoneal 
cavity  is  not  common.  The  adhesion  may  be  to  the  liver  or  pancreas,  or, 
more  rarely,  to  the  spleen,  diaphragm,  colon,  abdominal  wall.  By  the 
extension  of  the  ulcer  these  structures  may  be  eaten  into  and  their 
tissue  exposed.  The  tissue  when  first  exposed  has  its  normal  appear- 
ance, but  it  usually  becomes  condensed  and  cicatricial.  Sometimes 
the  irritation  of  the  gastric  juice  produces  suppuration  and  the  fonna- 
tion  of  ABSCESS,  especially  in  the  case  of  penetration  into  the  liver.  But 
if  adhesion  does  not  occur  then  the  ulcer  is  likely  to  cause  rupture  of 
the  stomach.  This  will  happen  most  readily  where  the  Avail  of  the 
stomach  is  most  liable  to  shift  about  during  the  regular  peristaltic  move- 
ments, and  also  where  there  is  no  sohd  viscus  to  which  it  may  readily 
adhere.  Both  these  conditions  are  fulfilled  in  the  case  of  ulcers  of  the 
anterior  wall,  and  so  it  happens  that  rupture  most  frequently  occurs  in 
this  situation.  The  ulcers  which  lead  to  perforation  are  frequently  very 
small,  and  the  aperture  in  the  serous  coat  may  be  as  large  as  the  ulcer 
itself.    The  result  of  the  perforation  is  acute  and  fatal  peritonitis. 

Healing  of  the  perforating  ulcer  is  by  no  means  an  unusual  occur- 
rence. In  the  experiments  to  be  referred  to  presently  in  which  ulcers 
were  produced  artificially  in  animals,  they  healed  very  readily.  In  man 
also  they  are  frequently  recovered  from,  and  we  often  meet  with  cica- 
trices in  the  stomach.  They  may  indeed  heal  without  lea^dng  a  very 
obvious  cicatrix  at  all.  The  author  met  with  a  case  in  which  three 
weeks  after  a  very  severe  haemorrhage,  presumably  from  an  ulcer  of  the 
stomach,  only  an  obscure  cicatrix  could  be  found. 

We  have  now  to  consider  the  mode  of  origin  of  these  ulcers,  and 
this  is  a  matter  of  some  difficulty.    It  is  obvious  from  the  shape  and 
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appearance  of  the  ulcer  that  it  has  arisen  by  the  necrosis  and  subsequent 
digestion  of  a  piece  of  the  wall  of  the  stomach.  The  question  arises  as 
to  the  cause  of  the  necrosis.  The  funnel-shaped  outline  of  the  ulcer 
suggested  to  Virchow  that  the  necrosis  occurred  by  obstruction  of 
or  interference  with  an  arterial  branch,  and  he  observed  as  confirmatory 
of  this  that  the  ulcers  most  frequently  had  their  seat  at  the  point  of 
entrance  of  arterial  branches  into  the  wall  of  the  stomach. 

The  experiments  of  Panum  and  Cohnheim  confirm  this  view  in  so  far 
as  they  show  that  ulcers  may  be  produced  by  embolism  of  the  arteries 
of  the  stomach.  In  Cohnheim's  experiments,  if  the  animals  were  killed 
a  day  or  two  after  embohsm  had  been  produced  there  were  found  large 
ulcers  with  abrupt  edges  and  perfectly  clean  floors.  The  difliculty  of 
the  case  is,  however,  that  the  perforating  ulcer  is  not  met  with  specially 
in  cases  of  embolism  or  thrombosis  of  the  arteries  of  the  stomach,  but  in 
the  immense  majority  of  instances  in  cases  where  no  such  disturbance  of 
the  circulation  exists.  It  has  been  suggested  again  that  a  venous 
hypersemia,  by  causing  stagnation  and  even  haemorrhage  (see  afterwards) 
in  defined  areas  of  the  mucous  membrane,  may  produce  such  weakening 
of  the  tissue  as  to  induce  necrosis  and  digestion  of  it. 

In  most  cases  of  gastric  ulcer  there  is  serious  and  usually  prolonged 
DYSPEPSIA,  and  the  persons  are  frequently  ansemic.  This  seems  to 
indicate  that  the  condition  of  the  gastric  juice  has  an  important  relation 
to  the  gastric  ulcer.  It  is  also  important  in  this  connection  that,  while 
ordinary  ulcers  of  the  stomach  such  as  are  produced  by  wounds  or  the 
action  of  caustics,  or  by  such  experiments  as  those  already  re- 
ferred to,  heal  readily,  this  form  of  ulcer  is  peculiarly  chronic  and 
shows  a  tendency  rather  to  extend  deeply  than  to  heal.  Some  ab- 
normal condition  of  the  gastric  juice  by  virtue  of  which  it  is  peculiarly 
irritating  to  the  mucous  membrane  seems  to  be  the  essential  factor, 
while  a  weakened  condition  of  the  mucous  membrane  is  also  of  conse- 
quence. In  most  cases,  the  gastric  juice  is  abnormally  acid,  and  it  has 
been  thought  that  by  neutralizing  the  natural  alkalinity  of  the  tissues 
it  may  lead  to  their  necrosis. 

On  the  whole  it  seems  probable  that  an  acrid  gastric  juice,  taking 
advantage  of  any  accidental  stagnation  in  a  defined  area  of  the  mucous 
membrane,  may  lead  to  its  necrosis  and  the  formation  of  the  ulcer. 

It  has  been  already  stated  that  while  ordinary  ulcers  heal  readily 
this  form  is  pecuHarly  persistent.  But  if  the  condition  of  the  gastric 
juice  be  improved,  and  especially  if  its  excessive  acidity  be  corrected 
while  solid  food  is  prevented  acting  on  the  surface  of  the  ulcer,  the 
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ulcer  often  heals  readily,  leaving  a  cicatrix  which  is  sometimes  very 
obscure,  but  may  be  more  distinct  and  with  some  puckering. 

The  frequency  of  ulcer  of  the  stomach  may  be  judged  from  the  fact 
that  according  to  the  results  of  post-mortem  examinations  it  is  said 
that  there  are  ulcers  or  cicatrices  in  about  one  in  twenty  of  the  cases 
examined  after  death. 

H^MOEEHAGE  FEOM  THE  STOMACH. 

Besides  the  hsemorrhage  which  occasionally  supervenes  in  the  case  of 
the  perforating  ulcer,  and  that  which  is  occasionally  a  feature  in  cancer 
of  the  stomach,  we  have  certain  other  forms  which  call  for  notice  here. 

The  vessels  are  apt  to  rupture  when  the  pressure  of  the  blood  in 
them  is  considerably  raised  above  the  normal.  This  Avill  occur  especially 
with  disturbances  of  the  vascular  system  involving  hypersemia  of  the 
portal  system.  In  diseases  of  the  heart  leading  to  general  venous  en- 
gorgement, we  have  passive  congestion  of  the  Hver  reflected  to  the  portal 
vein.  In  this  case  there  are  signs  of  general  venous  engorgement  pro- 
bably including  dropsy  of  the  limbs,  etc.  But  disease  of  the  liver  itself, 
especially  cirrhosis  and  cancer,  may  cause  obstruction  to  the  jiortal 
circulation.  In  these  cases  there  is  a  general  engorgement  of  the 
portal  vessels,  and  haemorrhage  from  the  stomach  frequently  occurs. 

The  blood  mostly  escapes  from  the  superficial  vessels  of  the  mucous 
membrane,  which  are  least  supported,  and  it  passes  into  the  cavity  of 
the  stomach.  In  some  cases  it  is  from  a  large  number  of  small  super- 
ficial vessels,  and  the  exact  source  is  not  apjDarent.  At  other  times 
the  blood  j)asses  to  some  extent  into  the  superficial  layers  of  the 
mucous  membrane,  infiltrating  it.  The  mucous  membrane  infiltrated 
with  blood  is  acted  on  by  the  gastric  juice  and  digested  by  it, 
so  that  small  flat  superficial  ulcers  are  formed,  the  so-called  HiEMOR- 
RHAGIC  EROSIONS.  These  are  generally  present  in  considerable  numbers, 
chiefly  in  the  pyloric  region.  In  the  erosions  there  may  be  still  some 
remains  of  blackened  blood,  and  alongside  them  there  are  little  areas  of 
mucous  membrane  infiltrated  with  blood.  In  these  cases  also  the 
mucous  membrane  is  often  generally  red  from  the  passive  hyperasmia, 
and  possibly  thickened  by  catarrh. 

The  blood  is  generally  mixed  with  the  contents  of  the  stomach,  and 
blackened  by  the  gastric  juice.  If  the  htemorrhage  be  very  severe,  as 
from  an  ulcer  perforating  a  considerable  artery,  the  blood  may  be  vomited 
nearly  in  the  fresh  state,  but  usually  it  is  tarry  or  like  coffee-grounds. 
The  altered  blood  may  also  pass  into  the  duodenum  and  onwards. 
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TUMOUES  OF  THE  STOMACH. 

Cancer. — This  is  the  only  form  of  tumour  which  is  of  much  prac- 
tical importance,  and  it  is  of  exceedingly  frequent  occurrence.  From 
the  statistics  of  a  considerable  number  of  observers  it  appears  that 
cancer  occurs  more  frequently  in  the  stomach  than  in  any  other  situation 
in  the  body,  the  uterus  being  the  next  most  frequent  site. 

The  great  frequency  of  cancer  in  the  stomach  is  probably  related  to 
the  fact  that  the  epithelial  structures  of  this  organ  are  more  exposed  to 
various  irritations  than  those  of  any  other  part  of  the  body.  Not  only 
are  there  varieties  of  irritating  foods,  but  the  foods  are  liable,  as  we  have 
seen,  to  decomposition,  the  products  of  which  produce  irritation.  In 
cases  of  cancer  there  is  very  commonly  a  history  of  prolonged  dyspepsia, 
perhaps  from  youth. 

In  this  regard  the  simple  ulcer  may  be  again  referred  to.  There 
have  been  cases  observed  in  which  cancer  seemed  to  originate  in  the 
simple  ulcer ;  but  the  simple  ulcer  is  a  disease^mostly  of  youth,  whereas 
cancer  is  a  disease  of  middle  life,  the  average  age  being  fifty  years.  It 
is  almost  as  if  similar  causes  produced  the  simple  ulcer  in  youth,  and 
cancer  in  middle  life. 

In  its  structure  cancer  of  the  stomach  is  like  cancer  elsewhere.  There 
are  epithehal  masses  which  tend  to  insinuate  themselves  among  the 
neighbouring  tissue  elements,  and  there  is  a  connective  tissue  stroma. 
The  epithelial  elements  also  originate  in  the  existing  epithelium,  chiefly 
that  of  the  glands.  But  in  the  mode  of  growth  of  the  epithelium  and  its 
relation  to  the  stroma  there  are  considerable  differences  presented,  and 
although  not  rigidly  to  be  distinguished  from  each  other  it  is  possible  to 
divide  the  cases  into  four  forms. 

In  EPITHELIAL  CANCER  there  is  a  tolerably  definite  gland-like 
new-formation,  as  we  have  in  other  cases  of  cylinder-celled  epithe- 
lioma. There  are  ducts  and  acini  lined  with  cylindrical  epithelium, 
but  very  often  this  regular  arrangement  is  lost  in  great  part,  and^ 
except  in  the  more  recently  formed  part,  we  have  more  irregular 
masses.  The  glandular  structures  are  limited  by  a  distinct  stroma, 
which  IS  well  formed.  As  in  all  cancers  of  the  stomach,  the  new- 
tormation  of  epithelium  begins  in  the  glands,  and  at  first  the  tumour 
^Tows  m  the  mucous  membrane.  But  the  growth  extends  into  the 
submucous  tissue,  and  insinuates  itself  among  the  other  coats  of  the 
stomach,  passing  into  the  muscular  coat,  and  even  outside  it  into  the 
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serous  coat.  From  the  glandular  character  of  the  tissue  in  this  tumour 
it  is  sometimes  called  adenoma. 

The  tumour  is  a  slowly  growing  one,  and  it  generally  involves  a 
considerable  portion  of  the  stomach  before  the  death  of  the  patient. 
It  usually  begins  in  the  pyloric  region,  frequently  forming  a  ring  around 
the  stomach,  but  it  extends  inwards  from  this,  it  may  be  for  some  dis- 
tance. The  surface  is  nearly  always  ulcerated,  and  may  be  considerably 
excavated.  There  are  sometimes  papillae  on  the  surface  of  the  tumour, 
especially  at  the  marginal  parts,  which  give  the  surface  a  warty  appear 
ance.  The  advancing  tumour  infiltrates  and  thickens  the  mucous  mem- 
brane and  the  subjacent  coats,  and  so  while  the  greater  part  of  the 
tumour  may  be  rough  and  warty  and  somewhat  excavated,  the  edges 
are  usually  prominent,  and  sometimes  rather  abrupt. 

The  epithelioma  of  the  stomach  is  not  a  very  frequent  form  of  tumour, 
and  it  does  not  so  readily  extend  beyond  the  neighbouring  lymphatic 
glands  to  the  liver  as  the  next  form. 

Medullary  or  Soft  Cancer  of  the  stomach  is  probably  the  mos 
frequent  of  all  forms  of  tumour.    In  it  the  epithelial  growth  does  no 
arrange  itself  in  proper  glandular  structures,  but  there  are  large  mass 
of  comparatively  loose  epithelium  in  a  sparse  and  delicate  stroma. 
Hence  the  tissue  is  very  soft.    The  epithelial  masses  tend  to  infiltrat 
the  subjacent  structures  as  well  as  to  extend  laterally. 

The  tumour  is  usually  seated  near  the  pylorus,  forming,  in  some  cases 
a  ring  or  a  defined  circular  tumour.  The  tissue  being  soft  it  is  special! 
liable  to  bleed  and  to  ulcerate.  The  latter  condition  is  so  frequent  an 
characteristic  that  the  tumour  often  presents  itself  as  a  round,  shagg 
ulcer  with  prominent  edges.  Doubtless  the  gastric  juice  and  the  foo 
acting  on  the  surface  of  the  tumour  break  down  its  tissue  and  lea 
to  the  ulceration.  At  the  margins  the  cancer  is  infiltrating  the  muco 
membrane,  and  so  the  edges  are  raised  and  somewhat  abrupt. 

This  form  of  tumour  is  exceedingly  mahgnant,  the  soft  and  loos 
cancerous  elements  readily  finding  their  way  into  the  lymphati 
channels.    Hence  cancerous  formations  in  the  lymphatic  glands  aroun 
the  stomach  and  in  the  other  glands  of  the  abdomen  are  very  frequen 
The  liver  also  is  very  often  the  seat  of  numerous  and  large  cancerou 
tumours,  and  a  large  proportion  of  the  cases  which  cHnically  have  the 
characters  of  cancer  of  the  liver  are  primarily  cases  of  this  disease. 
The  enormous  secondary  growths  in  the  liver  may  contrast  very 
markedly  with  the  insignificant  primary  lesion,  sometimes  httle  more 
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'  than  a  comparatively  small  round  ulcer  with  irregular  surface  and 
.,  prominent  margins. 

4      The  tendency  to  bleed  which  this  tumour  presents  is  to  be  borne  in 
mind.    The  bleeding  may  be  slight  but  frequent,  and  the  blood  carried 
'  off  into  the  intestines.    Or  it  may  be  more  considerable,  and  even  fatal. 

i 

H  .    SciRRHUS  is  a  somewhat  frequent  form  of  cancer  of  the  stomach. 
Here,  the  new-formation  of  epithelial  cells  is  not  very  rapid  or  vigorous, 
.  and  it  is  accompanied  by  an  excessive  formation  of  connective  tissue  in 
the  form  of  stroma.    Originating  in  the  glandular  epithelium,  long  pro- 
cesses composed  of  rows  of  cells,  often  with  few  abreast,  are  produced, 
i|  and  they  grow  not  only  into  the  mucous  membrane,  but  also  into  the 
A.  muscular  coat  separating  its  trabeculse,  and  even  into  the  peritoneal  coat. 
w,  These  processes  seem  to  be  peculiarly  irritating,  as  they  give  rise  to  the 
production  of  dense  connective  tissue  which  is  often  much  more  manifest 
than  the  proper  epithelial  elements.    These  elements  may,  in  fact,  de- 
generate, and  leave  little  besides  condensed  ha^rd  connective  tissue. 

The  cancer  mostly  begins  in  the  pyloric  region,  but  extends  inwards 
till,  in  some  cases,  it  has  involved  the  entire  wall  of  the  stomach,  except 
'■  the  fundus.   The  wall  of  the  stomach  is  converted  into  a  stiff  hard  mass 
(  which  may  be,  in  some  places,  an  inch  in  thickness.    This  dense  struc- 
I  ture  has  replaced  the  mucous  membrane,  and,  to  a  certain  extent,  the 
other  coats  which,  however,  are  usually  separatelj^  distinguishable.  The 
muscular  coat  is  much  hypertrophied  by  the  new-formation  both  of 
I  muscle  and  of  hard  connective  tissue,  and  a  section  of  it  presents  the 
"  peculiar  fan-like  appearance  already  mentioned.    The  surface  of  the 
affected  portion  of  the  stomach  is  irregular,  with  rounded  prominences, 
and  there  are  sometimes  ulcers  present,  but  there  is  not  a  general  ulcer- 
ation as  in  the  case  of  the  epithehal  and  medullary  forms.    The  stomach 
is  often  greatly  contracted  in  this  disease.    The  edges  of  the  cancerous 
portion  are  not  well  defined,  but  shade  off  gradually  into  the  normal 
mucous  membrane. 

Extension  of  the  cancer  to  the  liver  does  not  readily  occur,  although 
neighbouring  lymphatic  glands  may  be  involved. 

Colloid  Cancer  is  not  a  frequent  form  as  compared  with  the  medul- 

>  lary,  but  it  is  met  with  in  a  considerable  number  of  cases.  The  other  forms 

>  and  especially  the  epithelioma,  occasionally  undergo  a  partial  colloid  de- 
!  generation.    In  the  colloid  form  as  in  the  others  the  epithehal  elements 

take  origin  in  the  glandular  cells,  and  after  infiltrating  the  mucous  mem- 
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brane  these  epithelial  masses  insinuate  themselves  among  the  muscular 
trabeculas  (Fig.  102,  p.  230),  and  even  into  the  serous  coat.  The  stroma  con- 
sists of  a  somewhat  abundant  well-developed  network  of  connective  tissue. 
The  peculiarity  of  this  form  is  that  the  cells  have  a  special  tendency  to 
undergo  colloid  metamorphosis.  They  seem  from  their  first  formation  to 
present  a  regular  intention  in  this  direction,  and  even  in  the  more  recent 
parts  there  is  often  already  a  considerable  advance  in  the  degeneration. 
The  outlines  of  the  cells  disappear  as  the  protoplasm  becomes  trans- 
formed into  colloid  material,  and  as  the  nuclei  resist  the  degeneration 
longer,  we  sometimes  see  the  peculiar  appearance  of  oval  nuclei  as  if 
floating  in  a  clear  transparent  material.  Finally,  the  whole  epithelial 
elements  are  converted  into  colloid  material,  and  the  structure  presented 
is  a  beautiful  reticulated  network  with  spaces  filled  with  a  transparent 
colourless  jelly  (Fig.  101,  p.  229). 

As  the  colloid  material  occupies  more  space  than  the  original  cells, 
the  spaces  of  the  alveoli  are,  as  it  were,  tightly  packed  with  the  jelly, 
■and  the  fibres  of  the  stroma  rendered  tense  and  rigid.  Hence  it  hap- 
pens that  although  the  structure  is  composed  mainly  of  a  soft  jelly, 
yet  it  is  to  the  feeling  hard  and  rigid,  just  as  a  tensely  filled  bladder 
may  be. 

The  tumour,  like  other  cancers,  usually  begins  towards  the  pylorus, 
but  it  extends  gradually  till  it  comes  to  involve  a  large  area,  sometimes 
■even  as  much  as  three-fourths  of  the  entire  extent  of  the  viscus.  The 
wall  of  the  stomach  is  converted  into  a  transparent  glancing  tissue,  and 
in  the  more  advanced  parts  it  is  impossible  any  longer  to  distinguish  the 
different  coats,  all  being  homogeneously  replaced  by  the  cancerous  tissue. 
The  wall  of  the  stomach  is  considerably  thickened,  and  the  internal 
surface  may  present  an  irregular  aspect  with  prominences  ;  but  there  is 
little  tendency  to  ulceration.  As  the  thickened  wall  is  tense  and  hard, 
the  stomach  when  cut  into  does  not  generally  collapse  but  keeps  its 
shape.  There  is  no  tendency  to  contraction  of  the  stomach  as  in  scirrhus, 
but,  on  the  contrary,  the  organ  may  be  considerably  enlarged. 

This  form  has  a  very  marked  tendency  to  extend  continuously  both 
along  the  stomach,  and  also  through  the  stomach  to  the  peritoneum. 
Hence  it  produces  secondary  tumours  in  the  peritoneum  itself  much 
more  readily  than  in  the  lymphatic  glands  and  liver. 

It  will  appear  from  what  has  been  mentioned  above  that  cancers  of 
the  stomach  frequently  lead  to  the  formation  of  secondary  tumours  else- 
where. In  this  respect  the  cancers  of  the  intestine  resemble  those  of 
the  stomach,  and  as  the  modes  of  extension  present  certain  points  of 
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interest  and  practical  importance,  a  special  section  will  afterwards  be 
devoted  to  this  subject  in  general. 

The  remaining  tumours  of  the  stomach  are  of  trivial  consequence. 
We  have  already  seen  that  MUCOUS  POLYPI  and  cysts  occur  in  chronic 
catarrh.  Lipomas  and  myomas  haA^e  been  met  with,  as  also  fibromas 
and  sarcomas,  but  they  are  very  rare. 


E.— THE  INTESTINES. 


Introductory. — The  diseases  of  the  intestines  resemble  in  many 
respects  those  of  the  stomach,  but  there  are  important  differences.  In 
structure  the  intestine  differs  from  the  stomachy  in  several  respects.  We 
no  longer  have  the  specific  glands  peculiar  to  the  stomach,  but,  on  the 
other  hand,  the  intestine  presents  numerous  closed  lymphatic  follicles 
in  its  mucous  membrane,  and  these  are  only  present  to  a  very  slight 
extent  in  the  stomach.  These  lymphatic  folHcles  are  soHtary  or  col- 
lected into  groups,  in  the  latter  case  forming  the  well  known  Peyer's 
patches. 

Of  considerable  importance  in  regard  to  the  diseases  of  the  intestine 
are  the  time  which  the  intestinal  contents  stay  in  the  different  parts  of 
the  canal,  and  the  changes  they  undergo  there.  After  leaving  the 
stomach  the  food  ajDpears  to  pass  rapidly  through  the  upper  part  of 
the  small  intestine,  occupying  on  an  average  2|  to  3  hours  in  doing  so, 
and  it  is  at  the  same  time  rendered  alkahne  and  partially  protected 
from  further  decomposition  by  the  pancreatic  fluid  and  the  bile. 

The  movement  of  the  intestinal  contents  is  effected  by  the  peri- 
staltic contraction  of  the  bowel,  and  the  rapid  passage  of  the  contents 
through  the  small  intestine  indicates  that  here  the  peristalsis  is 
peculiarly  active,  whereas,  in  the  large  intestine,  it  is  slow.  When 
the  faeces  reach  the  large  intestine  they  are  still  fluid,  and  the  chief 
function  of  the  colon  seems  to  be  to  complete  the  absorption  of  the 
fluid,  and  allow  the  faeces  to  become  thicker.  But  if  the  peristaltic 
action  of  the  large  intestine  be  increased,  then  there  will  be  no  time 
for  the  faeces  to  become  thick,  and  fluid  evacuations  will  be  the  result. 
This  will  be  still  more  the  case  should  the  movement  of  the  small  in- 
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testine  be  increased,  and  the  contents  carried  even  more  quickly  than 
usual  through  them. 

It  will  be  seen  that  diarrhoea  results  from  increased  peristaltic 
movement,  and  that  the  evacuations  will  be  more  fluid  the  higher  up 
the  increased  movement  begins.  It  is  well  known  that  certain  medi- 
cinal agents  produce  fluid  motions,  and  these  seem  all  to  act  l)y  in- 
creasing the  peristalsis,  their  relative  vigour  depending  greatly  on  the 
part  of  the  intestine  at  which  they  begin  to  produce  their  effects. 
Irritating  articles  of  food  produce  a  like  increase  of  the  peristalsis  and 
diarrhoea,  and  so  may  ulcers  and  inflammations  of  the  intestine  itself. 

In  the  stools  in  diarrhoea  we  may  expect  to  find  chemical  consti- 
tuents which  normally  are  present  in  higher  parts  of  the  intestine, 
but  absorbed  before  reaching  the  rectum.  If  the  diarrhoea  arises 
from  increased  peristalsis  of  the  colon,  then  we  shall  find  material 
which  is  normal  in  the  csecum,  such  as  undecomposed  bile,  leucin, 
chloride  of  sodium,  peptones,  and  sugar,  some  of  which  are  present  in 
appreciable  quantity  in  normal  faeces.  But  if  the  diarrhoea  has  in- 
volved the  small  intestine,  then  we  shall  find  these  constituents  much 
more  abundantly,  and  also  remains  of  undigested  food. 

We  have  already  seen  in  the  case  of  the  stomach  that  many  of  its 
diseases  are  connected  with  the  fact  that  the  food  stagnates  and  decom- 
poses in  that  viscus.  It  will  be  seen  from  what  has  gone  before  that 
the  intestinal  contents,  stagnate  chiefly  in  the  large  intestine,  and  next 
to  that  in  the  lower  part  of  the  small  intestine.  It  is  probably  due  to 
this  that  we  find  the  jejunum  pecuharly  free  from  all  forms  of  disease ; 
in  this  respect  it  contrasts  with  the  lower  part  of  the  small  intestine, 
the  ileum,  but  still  more  with  the  large  intestine.  Hence  it  is  that 
the  diseases  of  the  large  intestine  resemble  those  of  the  stomach  mucli 
more  than  those  of  the  small  intestine  do.  This  is  especially  true 
in  regard  to  simple  inflammations,  which  very  often  concentrate  them- 
selves in  those  parts  where  the  intestinal  contents  most  readily  stag- 
nate, namely  the  csecum  and  the  rectum.  It  is  true  also  of  cancer, 
which  is  very  rare  in  the  small  intestine  but  common  in  the  large, 
especially  in  the  csecum  and  rectum. 

It  is  to  be  remembered  further  that  the  intestine  is  a  comparatively 
narrow  tube,  and  is  subject  to  obstruction  in  various  ways. 

Post-mortem  Changes.— These  are  not  so  important  as  those  of  the 
stomach.  After  death  the  blood  is  apt  to  gravitate  towards  the  more 
dependent  parts  of  the  wall  of  the  intestine,  and  the  colouring  matter 
being  dissolved  out  and  staining  the  mucous  membrane,  it  may  give  rise 
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to  a  deceptive  appearance  of  inflammation.    Similarly  the  intestine  may- 
be stained  Avith  the  biliary  colouring  matter  in  the  neighbourhood 
I  of  the  gall-bladder. 

MALFOEMATIONS  OF  THE  INTESTINE. 

Congenital  malformations  of  the  intestine  are  of  considerable  fre- 
quency.   The  most  important  are  those  in  which,  from  a  fault  of 
development,  a  part  of  the  intestine  is  wanting.    The  colon  or  the 
rectum  may  be  entirely  absent  at  birth,  being  represented  by  a  solid 
cord ;  or  the  rectum  may  be  partially  occluded,  in  some  cases  in  its 
middle  part,  in  others  at  its  lower  extremity.    All  these  cases  present 
i  the  characters  of  imperforate  anus,  but  of  course  in  view  of  possible 
J  surgical  interference  their  gravity  varies,  the  most  hopeful  being  those 
I  in  which  only  the  extreme  lower  part  of  the  rectum  is  defective,  and 
the  gut  is  separated  from  the  anus  only  by  a  membrane. 

There  occurs  also  narrowness  and  defect  of  the  small  intestine,  espe- 
cially in  the  duodenum  and  lower  end  of  the  Ileum.  The  whole  intes- 
tine is  sometimes  deficient  in  length,  having  something  like  the  form  of 
the  letter  S  instead  of  the  usual  convolutions.  In  such  cases  the 
absorption  and  digestion  of  food  must  be  defective,  but  the  persons 
may  live  on  to  old  age. 

The  commonest  malformation  is  Meckel's  diverticulum.  This 
consists  in  a  finger-like  projection  from  the  intestine.  It  occurs  in  the 
ileum,  about  three  or  four  feet  above  the  ileo-csecal  valve  in  the  adult, 
and  about  a  foot  above  it  in  the  new-born ;  it  projects  from  the  free 
convex  border  of  the  gut.  It  is  from  one  to  six  inches  long,  possessing 
the  same  structure  as  the  intestine,  and  communicates  with  the 
latter;  it  is  narrower  in  its  caHbre,  being  of  a  diameter  rather  more 
than  that  of  the  finger.  This  diverticulum  arises  by  the  imperfect 
closure  of  the  omphalo-mesenteric  duct,  and  sometimes  it  is  united 
to  the  umbiHcus  by  a  cord.  Very  rarely  .is  the  diverticulum  con- 
tmued  to  the  umbiHcus,  and  opens  there  by  a  fistula  at  the  surface 


HERNIA  OR  RUPTURE. 

True  hernia  consists  in  a  protrusion  of  the  intestine,  omentum,  or 
ler  abdommal  organ  into  a  sac  formed  by  a  prolongation  of  the  peri- 
teum.    The  sac  may  project  externally,  or  it  may  be  contained 
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within  the  abdomen,  and  so  we  may  distinguish  external  and 
INTERNAL  hernias.  The  hernias,  especially  the  external  ones,  are  of  so 
much  importance  in  a  surgical  point  of  view  that  full  descriptions  are 
given  in  the  surgical  text-books,  and  need  not  be  repeated  here,  except 
in  outline. 

For  the  most  part  the  sac  is  an  entirely  abnormal  projection  of 
the  peritoneum,  and  seems  to  be  protruded  before  the  contents.  An 
exception  to  this  occurs  in  the  case  of  congenital  inguinal  hernia, 
in  which  the  sac  is  formed  by  the  persistence  of  a  foetal  condition. 
There  is  a  partial  exception  also  in  the  case  of  most  internal  hernias, 
where  the  sac  usually  arises  by  the  exaggeration  of  an  existing  normal 
pouch. 

In  the  PRODUCTION  OF  HERNIAS,  we  have  to  account  for  the  abnor- 
mal protrusion  of  the  viscera.    This  is  usually  due  to  the  abdominal 
contents  being  subjected  to  undue  pressure.    In  severe  muscular  efforts, 
such  as  are  involved  in  lifting  heavy  weights,  the  glottis  is  closed,  and 
the  muscles  of  expiration  fix  the  chest  and  abdomen,  the  contents  of  the 
abdomen  being  subjected  to  severe  pressure  by  the  contraction  of 
the  muscles  of  the  abdominal  wall.    If  there  is  any  part  of  the  wall 
which  is  unduly  weak  a  bulging  outwards  may  occur  here,  and  so  give 
the  starting  point  for  the  hernial  protrusion.    In  this  connection  the 
•  greater  frequency  of  hernia  on  the  right  side  may  be  noted.    In  violent 
exertions  the  right  arm  is  usually  more  used  than  the  left,  and  as  the 
chest  is  bent  over  to  the  left  side  to  counterbalance  the  strain  on  the 
right,  the  lower  surface  of  the  diaphragm  faces  more  to  the  right  and 
presses  the  viscera  towards  that  side.    It  is  clear  that  straining  at  stool 
or  otherwise  will  also  increase  the  pressure  on  the  abdominal  contents, 
and  any  excess  will  predispose  to  hernia. 

It  has  been  said  that  the  protrusion  takes  place  where  there  is  any 
weakness  of  the  abdominal  wall,  and  it  is  well  known  that  the  external 
hernias  occur  at  specially  unsupported  parts  of  the  wall,  while  the 
internal  ones  have  usually  a  pouch  ready  made  as  a  starting  point. 
The  abdominal  wall  from  its  anatomical  conformation  is  weak  at  certam 
points  in  every  person,  but  there  may  be  congenitally  a  special  weakness, 
which  in  some  cases  seems  to  be  hereditary.  Or  the  weakness  may  be 
induced  by  the  stretching  of  the  abdominal  parietes  by  increase  in  their 
contents  (ascites,  tumours,  pregnancy,  etc.)  or  more  directly  by  injury 
to  a  particular  part. 

In  protruding,  the  viscera  nearly  always  push  the  peritoneum  before 
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them,  and  the  proper  sac  is  formed  by  the  peritoneum,  which  shows  a 
remarkable  power  of  stretching.  But  there  are  cases  of  protrusion  in 
which  the  aperture  has  been  produced  by  actual  rupture  of  the  wall, 
and  in  these  cases  the  hernia  may  be  devoid  of  a  proper  sac.  These 
cases,  however,  of  what  may  be  called  FALSE  hernia,  are  exceedingly 
rare,  as  an  injury,  although  tearing  the  muscular  wall  and  other  tissues, 
will  very  often  leave  the  elastic  peritoneum  uninjured  and  capable 
of  protrusion. 

The  hernial  sac  acquires  for  the  most  part  adhesion  to  the  structures 
among  Avhich  it  is  protruded,  and  it  does  so  by  a  chronic  inflammation. 
It  very  often  happens  also  that  the  contents  of  the  sac  become  adherent 
to  its  internal  surface  by  inflammation,  and  in  that  case  the  hernia 
is  irreducible. 

It  is  not  necessary  to  enter  fully  into  the  individual  forms  of  hernia, 
and  of  the  external  ones  little  more  than  an  enumeration  will  suflEice. 

The  external  hernias  are,  (1)  Inguinal  hernia  in  the  congenital 
and  acquired  forms,  or,  as  otherwise  divided,  direct  and  oblique. 
(2)  Femoral  hernia.  These  two  are  by  far  the  commonest  forms.  Of 
comparatively  rare  occurrence  are,  (3)  Hernia  of  the  sciatic  notch ; 
(4)  Perineal  hernia,  protruded  between  the  fibres  of  the  levator  ani ;  (5) 
Vaginal  hernia;  (6)  Hernia  of  the  foramen  ovale;  (7)  Umbilical  hernia 
which  is  congenital  or  acquired,  in  the  former  case  arising  by  j^rotrusion 
into  the  dilated  umbilical  cord;  (8)  Abdominal  hernia  occurring  in 
various  parts  of  the  abdomen,  chiefly  towards  the  edges  of  muscles, 
and  arising  by  tearing  of  tendons  or  muscular  fibres,  hence,  frequently, 
traumatic.    Its  commonest  situation  is  near  the  linea  alba.  , 

Internal  hernia  comes  less  frequently  into  sight,  and  the  possi- 
bility of  its  existence  is  apt  to  be  forgotten. 

(1)  Diaphragmatic  hernia  is  perhaps  the  commonest.  There  is  a 
congenital  form  in  which  a  sac  is  protruded  through  one  of  the  normal 
apertures,  or  through  a  part  of  the  diaphragm  which  by  reason  of 
defective  development  has  given  way.  The  protrusion  is  into  the 
chest,  and  the  sac  may  contain  intestine,  spleen,  liver,  stomach.  There 
is  also  an  acquired  form,  clue  nearly  always  to  some  injury  to  the 
diaphragm,  and  the  hernia  is  frequently  devoid  of  a  proper  peritoneal 
sac.  From  a  case  recorded  by  Dr.  Adams,  it  appears  that  a  tumour 
growing  against  the  diaphragm  (in  his  case  from  the  capsule  of  the 
spleen)  may  so  weaken  it  as  to"  lead  to  hernial  protrusion.    In  dia- 
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phragraatic  hernias  from  rupture,  a  large  portion  of  the  abdominal 
viscera  may  be  protruded. 

(2)  Eetroperitoneal  hernia  includes  cases  in  which  the  intestine 
passes  into  a  pre-existing  pouch  in  the  peritoneum,  greatly  enlarging 
and  filling  it.  The  hernial  sac  hence  lies  behind  the  peritoneum  of 
which  it  is  an  offset.  There  are  three  pouches  in  the  peritoneum  which 
are  capable  of  giving  rise  to  such  hernias. 

The  JEJUNO-DUODENAL  pouch  is  the  most  important.  It  exists  just 
where  the  jejunum  arises  from  the  duodenum,  and  lies  between  the  last  i 
part  of  the  duodenum,  which  bounds  it  on  the  right,  and  the  aorta, 
which  bounds  it  on  the  left.  The  pouch  was  present,  according  to 
Waldeyer,  in  about  70  per  cent,  of  the  bodies  Avhich  he  has  examined, 
and  is  generally  large  enough  to  admit  the  terminal  phalanx  of  the 
thumb.  It  is  best  seen  when  the  jejunum  and  small  intestine  generally 
are  raised  and  carried  to  the  right,  so  that  the  origin  of  the  mesentery 
may  be  exposed.  The  little  pouch,  if  present,  is  then  seen  lying  in  the 
posterior  wall  of  the  abdomen  with  sharp  sickle-like  margins.  Some- 
times a  fold  of  the  jejunum  passes  into  this  pouch,  constituting  a  hernia. 
The  pouch  may  be  greatly  enlarged  by  the  protrusion  of  further  portions 
of  the  intestine  into  it,  and  cases  have  been  recorded  in  which  the  entire 
intestine  has  passed  into  the  greatly  distended  sac. 

Another  pouch  of  the  peritoneum  is  the  sub-C^cal,  which  has  its  seat 
between  the  folds  of  the  meso-colon  ascendens.  Into  this  pouch  the 
intestine  is  very  rarely  protruded,  and  the  pouch  itself  only  occurred  in 
about  30  per  cent,  of  the  bodies  examined  by  Waldeyer. 

The  FOSSA  intersigmoidea  is  a  pouch  in  the  mesentery,  lying 
between  the  two  folds  near  the  beginning  of  the  sigmoid  flexure.  The 
aperture  is  in  the  under  layer.  This  is  the  commonest  of  these  pouches, 
occurring  in  about  80  per  cent,  of  the  bodies,  but  from  its  position 
it  does  not  appear  ever  to  become  the  seat  of  hernia. 

The  CONTENTS  OF  HERNIAS  are  usually  the  intestine,  and,  for  the  most 
part,  the  more  movable  small  intestine.  Sometimes  also  the  great 
omentum  is  carried  into  the  sac.  The  large  intestine  possesses  for 
the  most  part  no  free  mesentery,  being  only  partially  covered  with 
peritoneum,  so  that  it  is  hardly  possible  for  it  to  pass  into  a  sac 
unless  it  be  dragged  down  with  considerable  force. 

The  method  of  descent  of  the  large  intestine  merits  a  more  special 
notice.  The  process  may  in  some  respects  be  compared  to  the 
descent  of  the  testis  in  the  foetus.    Before  its  descent  the  testis  is  only 
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partially  covered  with  peritoneum,  being  free  of  it  at  its  posterior  aspect. 
As  it  descends  it  remains  with  only  a  partial  peritoneal  covering,  and 
even  in  the  tunica  vaginalis,  after  the  sac  has  separated  from  the  general 
peritoneum,  the  testis  lies  behind  with  its  posterior  aspect  free  of 
peritoneum.  And  so  in  a  hernial  sac,  the  caecum  may  be  carried  down, 
but  in  its  new  position  it  remains  only  partially  covered  with  peritoneum, 
and  really  forms  as  it  were  a  part  of  the  wall  of  the  sac.  This  will  only 
occur  in  very  large  hernias  as  a  rule,  but  when  it  does  occur  the  piece 
of  intestine  will  be  irreducible. 

A  still  more  peculiar  condition  sometimes  occurs.  The  intestine 
may  be  protruded  mainly  at  the  part  where  it  is  uncovered  by  peri- 
toneum, and  instead  of  pushing  a  peritoneal  sac  before  it,  it  may  as  it 
were  drag  it  after.  As  the  gut  is  protruded  it  may  even  get  more  and 
more  stripped  of  peritoneum,  so  that  the  hernia  may  .be  much  more 
extensive  than  the  sac.  This,  however,  is  an  exceedingly  exceptional 
occurrence,  and  it  is  more  common  to  find  that  as  an  ordinary  hernia 
advances  it  drags  the  colon  into  it,  so  that  besides  free  loops  of  small 
intestine  there  may  be,  fixed  in  the  wall  and  only  partly  covered  by 
peritoneum,  a  piece  of  the  caecum,  or  the  sigmoid  flexure,  or  even  the 
fundus  of  the  bladder. 

In  a  similar  fashion  to  that  just  described,  the  ovary  may  be  pro- 
truded. A  large  majority  of  cases  of  OVARIAN  hernia  are  congenital, 
and  they  appear  to  arise  by  a  fault  of  development  by  which  the  ovary 
descends  as  the  testis  does  normally.  The  ovary  passes  through  the 
inguinal  ring  and  takes  a  sac  with  it,  but  just  like  the  testis  it  is  itself 
attached  to  the  wall.  The  sac  remains  open  like  the  tunica  vaginalis  in 
a  congenital  inguinal  hernia.  The  ovary  in  that  case  will  be  irreduci- 
l)le,  unless,  as  sometimes  happens,  the  broad  ligament  is  so  long  as  to 
allow  the  ovary  to  pass  back  through  the  neck.  In  this  case,  however, 
the  ovary  -svill  still  have  its  fixed  attachment  in  the  sac.  Apart  from 
this  congenital  inguinal  form,  ovarian  hernias  may  be  acquired,  and 
these  may  be  either  inguinal  or  femoral. 

The  STRANGULATION  of  hemias  is  of  great  importance.  By  this  ex- 
pression is  meant  the  condition  in  which  the  neck  of  the  sac  is  so  tightly 
impacted  that  not  only  is  the  return  of  the  contents  prevented,  but  even 
the  blood-vessels  are  obstructed  by  the  pressure  of  the  ring.  This 
mostly  occurs  when,  on  account  of  some  peculiarity  in  the  situation  of 
the  intestine  as  it  issues  from  the  sac,  there  is,  to  begin  with,  a  partial 
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obstruction.  If  the  intestine  at  its  entrance  into  the  sac  be  free,  while 
at  its  exit  it  makes  a  sudden  bend  so  as  to  cause  a  partial  obstructiou, 
then  the  faeces  will  pass  readily  in,  but  will  accumulate  inside  as  they 
do  not  find  free  exit.  The  mere  loading  with  faeces  may  cause  irreduci- 
biHty,  and  if  the  faeces  decompose  the  development  of  gas  may  still 
further  increase  the  bulk  of  the  contents.  In  this  way  the  sac  will 
become  too  full,  and  as  the  neck  is  narrow  there  will  be  special  constric- 
tion here.  Again,  the  intestine  already  in  the  sac  by  its  peristaltic  move- 
ment may  drag  more  and  more  of  the  gut  after  it,  till  stopped  by  the 
intestine  becoming  too  tight  for  the  neck. 

In  any  case  the  neck  of  the  sac  constricts  the  portion  of  intestine 
concerned,  and  the  most  direct  effect  is  obstruction  of  its  veins.  This 
itself,  by  producing  hyperaemia,  and,  it  may  be,  oedema  of  the  mucous 
membrane,  leads  to  swelling  and  further  constriction.  The  whole  pro- 
truded piece  becomes  of  a  dark  colour  from  venous  engorgement  and 
haemorrhage.  Finally  the  pressure  may  be  enough  to  close  even  the 
arteries. 

The  venous  obstruction  alone  seems  sufficient,  if  complete,  to  cause' 
necrosis  of  the  intestine,  and  so  gangrene  is  an  occasional  result.  If 
the  arteries  are  also  obstructed  there  is  still  greater  probability  of  the 
occurrence  of  gangrene. 

But  sometimes  the  obstruction  is  relieved  before  gangrene  has. 
occurred,  and  yet  in  some  of  these  cases  a  severe  inflammation  results 
after  the  intestine  has  been  returned  to  the  abdomen,  leading  on,  it 
may  be,  ultimately  to  gangrene  of  the  aifected  piece  of  gut.  The 
probable  explanation  of  this  is  that  during  the  incarceration  the 
arteries  have  been  obstructed,  and  during  this  period  the  blood-vessels 
have  been  so  damaged  that  on  the  restoration  of  the  circulation  they 
are  no  longer  able  to  recover.  It  has  been  shown  by  experiment  (in 
the  ear  of  the  rabbit)  that  if,  by  ligaturing  the  main  arteries,  theij 
vessels  of  the  part  are  deprived  of  blood  for  a  time,  and  then  the' 
circulation  restored  by  loosing  the  ligature,  the  result  is,  active  hy^er- 
aemia,  acute  inflammation,  or  the  haemorragic  infarction,  according  to 
the  time  during  which  the  ligature  has  acted.  So  in  the  case  before 
us,  the  release  of  the  constriction,  by  allowing  of  the  re-establishment 
of  the  circulation  in  vessels  seriously  compromised,  may  lead  to  inflam- 
mation or  gangrene. 
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TWISTING  OF  THE  INTESTINE. 

This  is  a  condition  probably  of  frequent  occurrence,  but  one  which 
is  perhaps  too  little  borne  in  mind  as  a  cause  of  obstruction.  It  occurs 
in  the  great  majority  of  cases  at  the  sigmoid  flexure  of  the  colon,  and 
the  reason  of  this  will  appear  from  the  anatomical  relations  of  that  part 
of  the  gut.  The  ascending  colon  above  the  flexure,  and  the  rectum 
below  it,  have  virtually  no  mesentery,  being  fixed  to  the  abdominal  wall. 
The  flexure  therefore  is  fixed  at  its  two  extremities  and  these  are  near 
one  another,  while  the  loop  forming  the  flexure  is  movable.  It  is  as  if 
the  loop  were  attached  by  its  two  ends  to  a  fixed  point,  and  it  is  easy 
to  understand  how  it  should  sometimes  twist  round  this  as  an  axis. 
The  twist  is,  as  it  were,  in  two  half  turns  (see  Fig.  244),  and  it  is 
usually  the  upj)er  limb  of  the  loop  which  turns 
round  the  lower  at  its  neck. 

It  is  clear  that  the  twisting  will  cause  some 
obstruction  of  the  intestine,  but  this  will  not  usually 
be  complete.  The  lower  limb  is  narrowed  its 
neck  by  being  grasped  by  the  upper  limb  twisted 
round  it,  while  the  upper  limb  is  narrowed  by  the 
sudden  curve  which  it  makes.  Faeces  still  pass 
into  the  flexure  however,  and  they  may  accumu- 
late in  enormous  quantity.  This  partial  obstruc- 
tion with  accumulation  of  faeces  may  persist  for  the^figmoid  flexu^.^^xhe 

,1  11      1,  ,  Tiij^'         j-jin        upper  limb  has  a  much 

months  and  lead  to  extreme  dilatation  oi  the  flex-  sharper  turn  than  the  low- 
ure,  so  that  it  may  fill  the  abdomen  and  reach  up  couid  be^  passed^^p^  from 
to  the  diaphragm.  As  the  upper  limb  is  twisted  ^^"^  tectum, 
over  the  lower  and  the  latter  is  straight,  a  tube  may  be  passed  from 
the  anus  up  into  the  enormously  dilated  flexure.  The  walls  of  the 
intestine  in  these  prolonged  cases  may  be  greatly  thickened,  especially 
the  muscular  coat.  In  some  cases  twisting  may  exist  without  any 
obstruction  of  consequence. 

While  twisting  is  most  common  in  the  sigmoid  flexure,  it  is  liable 
to  occur  also  when  other  parts  of  the  intestine  assume  similar  relations, 
that  is  to  say  when  a  free  loop  of  small  intestine  becomes  fixed  at  its  ex- 
tremities, and  these  extremities  are  near  each  other.  This  will  happen  most 
frequently  when  one  extremity  is  already  fixed,  as  is  the  case  at  the 
upper  and  lower  ends  of  the  small  intestine,  where  on  the  one  hand  the 
duodenum,  and  on  the  other  the  colon,  is  fixed  to  the  abdominal  wall 
and  holds  the  intestine  down.    If,  by  inflammation  or  otherwise,  an 
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abnormal  adhesion  is  acquired  so  that  the  gut  is  fixed  at  a  point  near 
the  situation  of  the  natural  fixation,  then  twisting  is  apt  to  occur,  an<  i 
probably  more  readily  here  than  in  the  sigmoid  flexure,  as  the  smal! 
intestine  is  naturally  more  mobile. 


INTUSSUSCEPTION  OE  INVAGINATION. 

In  this  condition  a  portion  of  the  intestine  passes  into  a  succeeding 
portion.  In  order  that  one  piece  may  slip  inside  the  other,  the  one- 
must  present  active  peristaltic  contractions,  while  the  other  is  relaxed. 
The  portion  narrowed  by  the  violent  peristalsis  passes  inside  of  the 
relaxed  part. 

These  conditions  are  most  frequently  satisfied  at  the  junction  of  the 
small  and  large  intestines.  The  large  intestine  is  naturally  wide,  and  its 
peristaltic  movements  sluggish.  If  then  the  ileum  at  its  last  part 
presents  peculiarly  violent  peristaltic  contractions  it  may  pass  into  the 
large  intestine.  This  may  explain  the  fact  that  the  most  frequent  seat 
of  invagination  is  this  situation. 

The  invagination,  however,  is  not  usually  a  simple  inversion  of  the 
ileum  into  the  colon ;  in  most  cases  the  ileo-csecal  valve  is  carried  before 
the  advancing  ileum  and  forms  the  apex  of  the  intruded  piece.  This 
implies  that  the  caecum  itself  is  carried  inwards  and  inverted,  and  the 
orifice  of  the  vermiform  appendage  is  sometimes  to  be  found  near  the 
apex  of  the  invagination.  The  invagination  is  not  infrequently  very 
extreme,  so  that  in  children  (in  Avhom  it  most  commonly  occurs)  the 
invaginated  part  may  be  carried  right  on  to  the  rectum,  so  that  the 
apex  may  be  felt  per  anum. 

Besides  this  form  we  also  meet  with  invagination  of  the  large  intes- 
tine itself,  one  part  into  a  succeeding.  It  occurs  but  rarely  in  the  small 
intestine. 

It  has  been  stated  above  that  invagination  is  peculiarly  frequent  in 
children,  especially  that  form  in  which  the  large  intestine  is  involved, 
and  this  is  probably  due  to  the  much  greater  mobility  of  the  colon 
in  children  than  in  adults.  In  the  bodies  of  children  also  Ave 
frequently  meet  with  a  form  of  invagination  which  has  produced  no 
symptoms  during  life,  and  has  really  occurred  just  at  the  time  of 
death.  It  is  usually  present  in  the  small  intestine,  where  a  small  inver- 
sion of  one  part  into  a  succeeding  one  is  found.  The  invagination  is 
easily  reduced  by  slight  dragging,  and  there  are  none  of  the  secondary 
changes  visible  such  as  are  to  be  mentioned  immediately  as  following 
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invagination.  Just  at  death,  or  immediately  after  it  (as  may  be  fre- 
quently seen  in  animals),  the  intestine  commonly  shows  violent  peri- 
staltic movements,  but  these  are  irregular,  and  it  readily  happens  that 
a  much  contracted  part  passes  inside  a  relaxed  portion.  This  form  of 
invagination  is  therefore  either  post-mortem  or  occurs  just  at  the 
agony. 

^¥hLen  a  piece  of  intestine  is  invaginated,  there  are  three  tubes,  the 
outside  one  in  its  natural  position,  forming  the  sheath,  the  internal 
one,  which,  although  abnormal  in  position,  runs  in  the  usual  direction, 
and  the  middle  one  joining  the  other  two,  and  with  its  mucous  surface 
directed  outwards.  It  sometimes  hapj)ens  that  a  second  invagination 
occurs,  and  then  there  are  five  tubes,  or  a  third,  in  which  case  there 
are  seven.  The  mesentery  is  carried  in  with  the  intestine,  and  by 
dragging  on  it  at  one  side,  it  may  give  the  gut  a  somewhat  oblique 
direction. 

The  packing  of  intestine  into  the  interior  of  succeeding  portions 
causes  considerable  interference  with  the  circulation,  and  this  is 
increased  by  the  mesentery  being  partly  4.9cluded  and  its  vessels 
pressed  on.  In  this  way  there  usually  occurs  an  acute  inflamma- 
tion, with  swelling  and  haemorrhage  of  the  mucous  membrane,  and 
fibrinous  exudation  on  the  peritoneal  surface.  The  inflammation  may 
lead  on  to  a  general  peritonitis  with  fatal  issue.  Again,  the  obstruction 
of  the  vessels  may  be  such  as,  with  the  added  inflammation,  to  lead  to 
gangrene  of  the  gut,  and  this  by  the  slough  separating  and  causing  per- 
foration may  produce  a  fatal  peritonitis.  On  the  other  hand,  perman- 
ent adhesion  may  occur  between  the  sheath  and  the  upper  end  of  the 
included  part  at  the  proximal  extremity  of  the  invagination,  and,  the 
inner  and  middle  tubes  becoming  gangrenous,  they  may  come  away  in 
whole  or  in  part,  as  a  slough,  and  the  continuity  of  the  intestine  be 
restored  with  the  loss  of  a  piece. 

It  is  not  usual  for  complete  gangrene  of  the  included  tubes  to  occur, 
but  what  remains  becomes  adherent  to  the  sheath,  and,  by  contraction, 
gradually  accommodates  itself,  and  so  the  calibre  is  fully  restored. 

PEOLAPSE  OF  THE  INTESTINE. 

This  condition  connects  itself  naturally  with  invagination.  It  is  the 
protrusion  of  the  intestine  outside  the  body  through  the  anus  or  through 
an  artificial  anus.  The  commonest  form  is  the  ordinary  prolapsus  ANI. 
This  only  pccurs  when  the  sjjhincter  is  greatly  relaxed  by  catarrh  or  by 


i 


616  DISEASES  OF  THE  ALIMENTARY  CANAL. 

violent  pressing  at  stool,  but  when  it  has  frequently  happened  the 
sphincter  atrophies  and  the  prolapse  occurs  very  readily. 

There  are,  strictly  speaking,  two  forms  of  prolapsus  ani.  In  the  one 
little  more  than  the  mucous  membrane  is  protruded,  and  it  is  seen  to  he 
continuous  with  the  skin  at  the  anus.  In  the  other  form  there  is  really 
an  invagination  as  well  as  a  protrusion.  The  lower  part  of  the  rectum  is 
so  fixed  that  the  whole  wall  cannot  be  protruded,  but  only  its  mucous 
membrane  as  in  the  form  just  considered.  But  the  upper  more  mov- 
able part  may  be  invaginated  into  the  lower  part  and  then  protruded. 
This  mostly  occurs  as  a  consequence  of  violent  peristaltic  contraction  of  ^ 
the  rectum  in  cases  of  severe  diarrhoea  with  tenesmus. 

In  both  forms  the  exposed  mucous  membrane  becomes  inflamed  and 
liable  to  bleeding.  The  inflammation  sometimes  causes  through  time 
adhesion  and  fixation  of  the  bowel  in  its  abnormal  position. 


SIMPLE  INFLAMMATIONS  OF  THE  INTESTINE. 

We  have  already  seen  that  the  mucous  membrane  is  frequently 
irritated  by  the  contents  being  of  an  obnoxious  nature  by  reason  of  de- 
composition or  otherwise.  In  addition  to  that,  inflammation  may  be 
produced  by  the  action  of  specific  morbid  poisons,  chiefly  those  of 
dysentery,  typhoid  fever,  and  cholera.  We  have  therefore  in  the 
first  place  to  consider  the  simple  inflammations  and  afterwards  these 
others.  The  term  enteritis  is  often  used  to  designate  inflammations 
of  the  intestine  of  all  kinds. 

Phlegmonous  inflammations  of  the  intestine  sometimes  occur  as 
the  result  of  peculiarly  irritating  contents.  We  shall  see  that  in 
dysentery  we  have  an  inflammation  of  this  kind,  but  there  are  what 
may  be  called  dysenteric  inflammations  without  the  special  dysenteric 
poison,  the  anatomical  changes  being  virtually  the  same,  although  as 
rule  much  less  intense. 

Catarrh  of  the  Intestine. — As  already  indicated,  this  occu 
chiefly  in  connection  with  the  presence  of  irritating  contents,  hnt 
exposure  to  cold  may  also  lead  to  it.  Perhaps  this  latter  cause  pro- 
duces its  effects  by  means  of  the  former.  That  is  to  say,  the  exposure 
of  the  surface  to  cold  may  interfere  with  digestion  and  absorption,  and 
so  leave  the  contents  to  decompose  and  become  irritating. 

The  influence  of  the  intestinal  contents  in  producing  catarrhs  is 
shown  by  the  localities  at  which  inflammations  are  most  common. 
The  large  intestine  is  much  more  frequently  aff"ected  than  the  small, 
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and  in  the  large  intestine  the  caecum,  with  the  vermiform  appendage, 
is  the  most  frequent  seat,  and  next  to  that  the  rectum,  apparently  be- 
cause the  contents  stagnate  specially  in  these  parts  rather  than  in  the 
much  more  movable  transverse  colon. 

The  catarrh  is  characterized  by  hypersemia  and  swelling  of  the 
mucous  membrane,  with  exudation  of  serous  fluid  and  leucocytes. 
There  is  also  increased  secretion  of  mucus,  which  in  the  case  of  the 
colon  may  be  very  excessive.  The  exudation  is  usually  mucous  in  char- 
acter, but  in  the  more  acute  inflammation  it  may  assume  more  or  less 
of  a  purulent  character.  If  this  be  the  case  the  mucous  membrane 
is  liable  to  be  infiltrated  with  inflammatory  cells,  and  after  a  time 
to  undergo  ulceration.  This  occurs  with  pecuhar  frequency  in  the 
cEecum,  and  next  to  it  in  the  rectum.  Catarrhal  ulcers  are  usually 
of  considerable  area  and  comparatively  superficial.  Neighbouring 
ulcers  may  coalesce  so  as  to  produce  extensive,  variously  shaped  losses 
of  substance,  in  the  midst  of  which  the  remaining  mucous  membrane 
appears  as  raised  patches  with  irregular  outline.  Sometimes  the  floor 
of  the  ulcer  is  so  smooth,  and  the  remapping  mucous  membrane  so 
irregular  from  inflammatory  infiltration,  that  it  looks  as  if  the  ulcer 
were  the  normal  mucous  membrane  and  the  patches  of  persisting 
mucous  membrane  adventitious. 

In  the  course  of  catarrhs,  ulcers  also  arise  from  the  closed  follicles. 
There  are  indeed  some  catarrhs  in  which  the  latter  are  mainly  aff"ected, 
appearing  as  rounded  prominences  and  flat  elevations,  corresponding  to 
the  solitary  follicles  and  Peyer's  patches.  This  form  is  called  folli- 
cular catarrh,  or  follicular  enteritis.  But  without  the  inflamma- 
tion preponderating  in  the  follicles  they  are  often  enlarged,  and  may  be 
so  infiltrated  with  inflammatory  products  as  to  form  virtually  small 
abscesses  resulting  in  crater-shaped  ulcers  which  may  afterwards  enlarge. 
In  this  way  arise  the  so-called  FOLLICULAR  ulcers. 

The  ulcers  of  ordinary  catarrh  are  superficial,  and  unless  exposed  to 
continued  irritation,  as  by  the  prolonged  presence  of  hard  fseces,  they 
do  not  tend  to  perforation,  and  readily  heal  when  the  cause  of  catarrh  is 
removed. 

If  the  catarrh  be  moderate — not  so  intense  as  to  lead  to  ulceration — 
then,  if  long  continued,  it  will  give  rise  to  hypertrophy  of  the  mucous 
membrane  such  as  we  find  so  frequently  in  the  case  of  the  stomach. 
Here  also  there  may  be  MUCOUS  polypi  and  CYSTS  as  in  the  stomach. 
They  are  most  frequent  in  the  large  intestine,  and  if  seated  in  the 
rectum  they  may  project  through  the  anus. 
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Localized  Inflammations. — It  has  already  been  indicated  that 
certain  localities  are  more  liable  to  inflammation  than  others,  and  as 
the  inflammations  of  certain  of  these  regions  present  special  points 
of  importance  they  have  received  special  names,  and  require  more 
particular  attention. 

Duodenitis  is  usually  an  extension  of  a  catarrh  of  the  stomach, 
and  it  would  not  warrant  any  special  reference  except  from  the  fact 
that  the  common  bile  duct  often  takes  part  in  the  catarrh,  and  we 
have  obstruction  and  icterus  sometimes  resulting  from  this  simple 
cause. 


Typhlitis  and  Perityphlitis  designate  conditions  which  require 
very  special  notice.  These  two  terms  mean  respectively  inflammation 
in  and  around  the  caecum,  but  they  are  frequently  used  so  as  to  include 
inflammations  in  connection  with  the  vermiform  appendage,  and,  in 
fact,  Ziegler  seems  to  limit  the  designations  to  these  latter  inflam- 
mations. 

In  some  cases  the  caecum  is  very  seriously  inflamed  and  ulcerated,  espe- 
cially when  large  masses  of  hard  faeces  lodge  in  it.  Under  these  circum- 
stances the  ulcers  may  increase  in  depth,  and  extend,  in  the  posterior 
part  of  the  wall  where  the  gut  is  not  covered  by  peritoneum,  through 
the  entire  thickness  of  the  intestine  so  as  to  penetrate  into  the  retro- 
peritoneal connective  tissue.  The  result  is  acute  inflammation  in  this 
region,  often  going  on  to  the  formation  of  ABSCESS.  It  will  be  inferred 
that  this  condition  is  that  designated  perityphlitis. 

The  vermiform  appendage  much  more  frequently  gives  rise  to  acute 
inflammations  around  the  caecum  than  the  caecum  itself  does,  so  that, 
although  the  term  typhlitis  is  not  applicable,  yet  perityphlitis  is. 

It  may  here  be  mentioned  in  the  first  place  that  the  appendage 
sometimes  undergoes  peculiar  transformations  on  account  of  the  closure 
of  its  orifice,  with  or  even  without  inflammation  of  its  mucous  mem- 
brane. If,  as  a  result  of  inflammation  or  otherwise,  the  orifice  be 
closed,  the  secretion,  along  with  the  catarrhal  exudation,  accumulates  in 
the  appendage  and  distends  it,  so  as  to  convert  it  into  a  large  reten- 
tion CYST  (Fig.  245).  The  contents  usually  become  serous,  so  as  to 
constitute  a  dropsy  of  the  vermiform  appendage,  but  they  may  continue 
mucous  in  character  and  form  a  thickish  jelly.  The  dilated  appendage 
may  acquire  considerable  dimensions,  as  in  the  case  from  which  the 
accompanying  figure  is  taken. 

But  of  more  importance  are  the  inflammations  due  to  the  presence  of 
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FOREIGN  BODIES  IN  THE  APPENDAGE.  Any  hard  substance  lying  in  the 
c»cum  may,  if  small  enough,  pass  into  the  vermiform  appendage.  In 


Fig.  245. — Cyst  of  vermiform  appendage.  The  appendage  is  converted 
into  a  bulky  cyst  which  was  filled  with  gelatinous  material. 


this  way  apple,  grape,  cherry,  or  orange  seeds  are  said  to  get  into  it. 
But  much  more  frequently  pieces  of  hardened  fseces  are  met  with,  and 
as  these  dry  and  frequently  assume  the  shape  and  appearance  of  cherry 
or  orange  stones,  they  are  frequently  mistaken  for  them.  This  occurs 
all  the  more  because  the  inspissated  faeces  are  often  coated  with  phos- 
phates which  form  a  kind  of  rind. 

The  presence  of  the  foreign  body  causes  inflammation  of  the  mucous 
membrane,  and  this,  from  the  continued  pressure  and  confined  space, 
readily  results  in  ulceration.  The  ulcers  frequently  penetrate  through 
the  appendage  and  lead  to  peritonitis.  As  a  general  rule  the  appendage 
has  acquired  adhesions  before  actual  perforation  occurs,  and  so  the 
peritonitis  is  limited  by  the  adhesions.  But  the  inflammation  is  apt  to 
recur,  and  not  infrequently  results  in  the  formation  of  recurring  ab- 
scesses.   The  bursting  of  one  of  these  into  the  cavity  of  the  peritoneum 
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often  leads  to  fatal  peritonitis.  From  the  accounts  in  the  newspapers, 
the  death  of  M.  Gambetta  seems  to  have  been  due  to  this  cause. 

From  the  relation  of  the  parts  it  will  be  seen  that  a  perityphlitis 
arising  from  the  coecum  will  usually  be  in  the  subperitoneal  tissue, 
Avhereas  that  from  the  vermiform  appendage  will  be  in  the  peritoneum, 
as  the  appendage  is  completely  surrounded  by  peritoneum  and  has  a 
mesentery.  It  follows  that  the  latter  is  much  the  more  dangerous  as  it 
is  also  the  more  frequent  form.  It  is,  indeed,  much  more  frequently  a 
cause  of  death  than  is  usually  supposed. 

Proctitis  and  Periproctitis  are  inflammations  in  the  rectum  and 
around  it,  of  an  equivalent  character  to  those  in  and  around  the  caecum. 
If  the  ulceration  leads  to  perforation  and  the  formation  of  abscess,  then 
the  disease  may  have  a  very  chronic  course  with  fistulse  discharging 
into  the  rectum.  Sometimes  these  burst  externally,  or  into  the 
vagina,  and  they  may  retain  their  communication  with  the  rectum, 
so  forming  false  passages  for  the  fgeces  and  flatus,  or  the  internal 
aperture  may  close,  leaving  merely  an  external  fistula. 

SPECIFIC  INFLAMMATIONS  OF  THE  INTESTINE. 

Dysentery. — This  inflammation  is  determined  by  the  action  of  a 
specific  morbid  poison.  As  already  indicated,  similar  lesions  sometimes 
■occur  in  connection  with  other  diseases,  such  as  typhoid  fever,  cholera, 
acute  rheumatism,  but  in  these  also,  although  the  virus  is  not  the  same, 
we  may  presume  that  a  violent  irritant  is  present.  It  is  difficult  to 
say  whether  the  poison  acts  on  the  mucous  membrane  by  being  present 
in  the  intestinal  contents,  or  because  it  is  carried  by  the  blood.  At  any 
rate,  the  locality  of  the  disease  is  evidently  determined  by  the  stagnation 
of  the  intestinal  contents.  It  is  always  most  marked  in  the  large  intes- 
tine, and  especially  in  the  flexures,  these  being  the  parts  where  the 
faeces  tarry  longest.  It  usually  decreases  in  intensity,  from  the  rectum 
upwards,  but  not  uniformly,  there  being  more  affected  and  less  affected 
parts,  the  former  corresponding  usually  with  the  flexures.  In  severe 
cases  the  whole  colon  is  affected,  and  sometimes  even  the  lower  part  of 
the  ileum. 

The  disease  manifests  itself  as  an  acute  inflammation,  which,  in  the 
milder  cases,  may  present  the  characters  of  a  severe  catarrh,  but  is 
apt  to  go  on  to  phlegmonous  inflammation  with  sloughing  of  the  mucous 
membrane.    In  the  earHer  stages  the  mucous  membrane  is  swollen  by 
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serous  exudation,  soft  and  juicy,  and  it  is  thrown  into  folds  on  the  sum- 
mits of  which  it  is  peculiarly  hypersemic.  The  surface  is  covered 
by  a  mucous  or  grumous  material,  consisting  of  shed  epithelium  with 
mucus  and  inflammatory  exudation.  The  mucous  membrane  and  sub- 
mucous tissue  are  infiltrated  with  serous  fluid  and  leucocytes  in  great 
abundance. 

In  higher  degrees  the  mucous  membrane  is  still  more  thickened 
and  thro'svn  into  still  more  prominent  folds.  There  is  also  consider- 
able hjemorrhage  in  its  substance  occasionally.  The  summits  of  the 
folds  being  specially  exposed  to  mechanical  irritation  very  commonly 
undergo  necrosis,  and  the  sloughs  are  generally  distinguishable  by  the 
brown  colour  which  they  assume  from  becoming  stained  with  the  bile 
pigment.  The  necrosis  involves  the  mucous  membrane  to  varying 
depths,  sometimes  very  superficially,  sometimes  through  its  whole  thick- 
ness, and,  if  the  slough  surrounds  the  gut,  we  may  have  a  ring  of 
necrosed  tissue  ultimately  discharged  by  the  anus. 

Of  course,  these  sloughs  leave  ulcers  behind,  whose  walls  present 
great  infiltration  of  leucocytes.  But  ulcers  form  also  by  processes 
similar  to  those  in  catarrh,  namely,  by  in&ammatory  infiltration  and 
molecular  destruction  of  the  mucous  membrane,  and  by  suppuration 
of  the  closed  follicles. 

The  contents  of  the  intestine  are  in  severe  cases  formed  of  dark 
decomposing  material,  mixed  with  blood.  The  mesenteric  glands  are 
always  secondarily  affected,  being  enlarged  and  hypersemic. 

If  the  patient  survives  the  acute  attack,  the  disease  very  commonly 
passes  into  chronic  dysentery.  The  ulcers  formed  in  the  various 
ways  described  above  show  httle  tendency  to  heal,  but  remain  as  open 
discharging  sores.  Sometimes  they  penetrate  more  deeply,  and  lead  to 
abscesses  in  the  surrounding  tissue,  especially  of  the  rectum  (periproc- 
titis). The  remaining  mucous  membrane  is  swollen  and  in  a  state  of 
catarrh.  The  whole  intestinal  wall  is  thickened  except  where  the 
ulcers  exist,  and  it  is  irregularly  drawn  in  and  adherent  to  the  sur- 
rounding parts. 

In  some  cases  a  tendency  to  heahng  manifests  itself.  If  the  attack 
has  been  slight  and  the  ulceration  only  superficial,  there  may  be  a 
complete  restoration  of  the  mucous  membrane,  with  insignificant  cica- 
trices. But  for  the  most  part  the  ulceration  has  been  considerable,  and 
the  cicatrices  are  of  considerable  superficial  extent,  perhaps  surrounding 
the  gut.  When  such  cicatrices,  in  the  usual  fashion,  contract,  they 
cause  narrowing  of  the  intestine,  which,  in  some  cases,  is  very  consider- 
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able.  Alternating  with  the  narrowing  there  is  very  commonly  dilatation 
of  the  more  healthy  parts,  so  that  a  very  remarkable  pouching  of  the 
colon  may  result,  the  narrowed  parts  being  probably  adherent  to  the 
tissues  around.  The  obstruction  produced  in  this  way  is  all  the  greater 
because  the  contraction  often  throws  the  remaining  mucous  membrane 
into  folds  which  may  act  as  valves  to  the  constricted  part. 

Cholera. — This  disease,  which  occurs  in  an  epidemic  form,  depends 
on  the  action  of  a  specific  virus.  In  addition  to  the  epidemic  disease 
known  as  Asiatic  cholera,  there  is  a  condition  known  as  British 
CHOLERA,  in  which  the  poison  does  not  appear  to  be  a  specific  one, 
but  in  which  the  anatomical  changes  are  identical  with  those  in  the 
epidemic  form.  From  an  individual  case,  therefore,  it  would  be  impos- 
sible to  say  which  form  is  present ;  this  must  be  judged  by  circum- 
stances, bearing  in  mind  especially  that  the  Asiatic  form  is  pre-eminently 
epidemic,  and  spreads  by  the  extension  of  a  specific  virulent  poison. 
The  exact  form  of  the  virus  is  unknown,  although  there  is  room  to 
believe  that  it  is  a  micro-organism. 

In  both  forms  it  is  clear  that  a  very  violent  irritation  of  the  mucous 
membrane  of  the  intestine  is  produced.  During  life  the  disease  is 
characterized  by  the  discharge  of  extremely  fluid  stools,  which,  from 
the  intermixture  of  finely  divided  material,  give  the  characteristic 
rice-water  appearance.  Sometimes  a  patient  dies  without  the  bowels 
having  been  moved,  but  in  that  case  they  are  found  distended  v.dth. 
the  rice-water  discharge. 

It  is  obvious  that  there  is  here  an  enormous  transudation  from 
the  vessels  of  the  intestine.  The  chemical  character  of  the  discharge, 
however,  seems  to  indicate  that  it  is  not  a  mere  inflammatory  exudation 
from  the  vessels,  but  rather  a  secretion  of  the  glands.  Its  specific 
gravity  is  low,  1006  to  1013.  There  is  very  little  albumen  present,  and 
the  discharge  contains  a  ferment  which  has  the  power  of  converting 

starch  into  sugar. 

It  is  commonly  stated  that  the  flakes  which  give  their  character  to 
the  rice-water  evacuations  are  composed  of  desquamated  epithelium. 
Investigations  have  shown,  however,  that  this  is  not  the  case  ;  they  are 
little  masses  of  mucus  containing  leucocytes.  After  death  the  epithehuni 
may  be  found  loose  in  the  intestine,  but  this  appears  to  be  from  post- 
mortem maceration,  for,  if  examined  sufiiciently  early,  the  epithelium  is 
found  present  and  apparently  normal. 

The  most  marked  post-mortem  appearance  in  the  intestme  is  a 
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remarkable  rosy  injection  of  the  vessels  of  all  its  coats,  so  that  a  red 
appearance  is  visible  even  in  the  serous  coat  whenever  the  body  is  opened. 
The  mucous  membrane  is  swollen  and  the  closed  foUicles  prominent. 
Occasionally  there  is  a  decidedly  inflammatory  condition  present,  which 
may  be  even  of  a  dysenteric  character. 

The  condition  of  other  parts  of  the  body  is  directly  referrible  to  the 
enormous  withdrawal  of  water  from  the  blood.  The  blood  itself  is  thick, 
dark,  and  imperfectly  coagulated.  The  skin,  serous  membranes,  and  all 
the  soft  tissues  are  shrunk,  and  dry,  and  parchment-like.  The  mem- 
branes of  the  brain  are  frequently  injected.  The  kidneys  present  the 
characters  of  a  slight  parenchymatous  inflammation. 

Typhoid  fever.  This  disease  is  also  due  to  the  action  of  a  specific 
poison.  In  the  affected  parts  of  the  intestine  bacilli  have  been  found, 
and  exactly  similar  bacilli  have  been  found  in  the  mesenteric  glands 
(see  Fig.  246)  and  in  the  spleen.  It  may  be  inferred  that  the  virus  is 
present  in  the  blood,  and  from  ^ 
this  produces  the  general  symp- 
toms of  the  disease,  while  locally 
it  produces  the  changes  to  be 
presently  described.  It  is  very 
probable  that  it  finds  entrance 
by  the  intestine,  and  produces 
irritation  of  the  follicles  and 
mesenteric  glands  in  its  passage. 

The  affection  in  the  intestine 
consists  of  an  inflammatory 
swelling  of  the  closed  follicles 
and  of  the  mucous  membrane 
in  their  neighbourhood,  the  in- 
flammation often  going  on  to 
necrosis  and  sloughing.  The  disease  has  usually  its  point  of  greatest 
intensity  at  the  lower  extremity  of  the  ileum,  and  it  is  often  possible 
to  see  various  stages  of  the  process  in  proceeding  from  above  downwards 
through  the  small  intestine  till  it  culminates  close  to  the  ileo-csecal 
valve. 

In  the  normal  state,  especially  in  the  adult,  the  Peyer's  patches  and 
the  solitary  follicles  are  very  slightly  prominent.  The  patch  viewed 
from  the  surface  shows  a  congeries  of  shallow  depressions  separated 
by  slightly  elevated  ridges,  which  run  in  from  the  general  mucous  mem- 


Fig.  246. — Bacillus  from  mesenteric  gland  in  a  case 
of  tyijhoid  fever.  The  rods  are  shown.  The  large 
bodies  beside  them  are  blood  corpuscles,  the  paler 
ones  the  red,  the  darker  ones  the  white.  Prepara- 
tion stained  with  methylviolet.    x  1800. 
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brane,  and  form  a  kind  of  network.  It  is  in  the  depressions  that  the 
follicles  are  placed.  In  typhoid  fever  there  is  at  first  a  general  swelling 
of  the  patch ;  it  is  an  inflammatory  swelling  accompanied  by  abundant 
infiltration  of  leucocytes  which  occupy  both  the  closed  follicles  and  the 
mucous  membrane.  The  patch  is  obviously  raised  and  its  margins 
somewhat  abrupt  (Fig.  248,  a).  Viewed  from  the  surface  there  is  at  this 
early  stage  simply  an  exaggeration  of  the  normal  appearance.  The 
ridges  of  mucous  membrane  are  swelled  so  that  the  depressions  are  more 
hidden,  and  an  appearance  is  produced  which  has  been  compared  to 
that  of  the  convolutions  of  the  brain  in  miniature.  The  swollen  patch 
has  a  pinkish  or  whitish  colour.  At  the  same  time  the  solitary  folhcles 
show  themselves  as  elevations  at  intervals. 

As  time  goes  on  the  whole  tissue  gets  more  and  more  infiltrated 
with  leucocytes  (Fig.  247),  and  the  raised  patch  gets  more  solid  and  its 


Fig.  247.-Portion  of  a  Peyer's  patch  in  an  early  period  of  typhoM  fev^^^^^^  "^^T^itT^t^^ 
which  becomes  raised  when  the  swoUen  patch  is  reached    &  i^*^™^^^^'^^^'^'^^^^^^^^  the 


cular  coat.    X  16. 


surface  more  homogeneous.  The  invasion  of  round  cells  extends  to  the 
submucous  and  muscular  coats,  even  to  the  serous,  and  passes  to  some 
extent  beyond  the  patch.  A  similar  condition  occurs  m  the  solitary 
follicles;  they  also  present  a  marked  increase  in  size,  and  are  less 
defined,  by  reason  of  the  infiltration  around  them. 
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On  this  condition  follows  necrosis  (Fig.  248  b).  The  infiltrated  and 
altered  patch  or  sohtary  folHcle  forms  a  slough,  of  larger  or  smaller 
size.  This  slough  remains  adherent  for  a  time, 
and  like  all  sloughs  in  the  intestine  it  becomes 
brown  or  yellow'  from  the  biliary  colouring 
matter,  which  stains  dead  tissue,  while  the 
living  structiu-es  are  able  to  resist  it.  Gene- 
■  rally  there  is  a  single  slough  on  a  Peyer's 
patch,  not  involving  the  whole  patch,  but  of 
considerable  superficial  extent  (see  figure). 
Sometimes  there  are  several  sloughs  corres- 
ponding to  some  of  the  closed  follicles  of 
which  the  patch  is  made  up. 

.  Fig.  24S. — Diagi-ammatic  re- 

After  a  time  the  slough  separates  and  an   presentation  of  Peyer's  patches 
.  ,  .in  typhoid  fever,    a,  early  stage 

ulcer  is  left  with  infiltrated  base  and  margins  with  swelling  of  the  patch ;  b, 

.         ,  j2      1  J.     xi       later  stage  with  sloughing  ;  c, 

(Fig.  248  c).  The  ulcers  are  connned  to  tiie  uicer  with  infiltrated  walls, 
patches  and  solitary  follicles,  so  that  they  (^hieri-eldee.) 
repeat  their  shape  and  locality.  The  walls  are  succulent  and.  vas- 
cular, and  considerable  haemorrhage  may  \)ccur  from  them.  The 
ulceration  may  extend  more  deeply  than  the  mucous  membrane,  in- 
volving a  necrosis  of  the  muscular  and  even  of  the  serous  coat, 
so  that  perforation  may  result.  Perforation  may  occur  in  one  of 
two  ways.  In  the  first  place  an  ulcer  may  extend  in  depth  till  it 
penetrates  through  the  muscular  and  serous  coats.  In  this  case  the 
process  is  somewhat  gradual,  and  there  is  generally  a  sufficient  acute 
inflammation  of  the  peritoneum  to  cause  adhesion  and  prevent  the 
intestinal  contents  passing  into  the  abdominal  cavity.  In  the  second 
place,  perforation  sometimes  occurs  in  a  manner  comjjarable  to  the 
perforation  of  the  pleura  in  phthisis  pulmonalis  Avhich  leads  to  pneumo- 
thorax. The  serous  coat  is  undermined  by  the  ulcer,  and  as  its  nutrition 
is  cut  off  it  undergoes  necrosis.  In  such  cases  the  brown  slough  may  be 
visible  on  viewing  the  intestine  externally.  A  partial  separation  of  the 
slough  may  allow  of  perforation,  and  as  this  form  is  more  acute  and 
not  so  likely  to  be  accompanied  by  considerable  adhesions,  the  contents 
of  the  intestine  are  more  apt  to  escape  into  the  peritoneal  cavity  and 
produce  fatal  peritonitis. 

When  recovery  takes  place  from  the  fever,  the  process  in  the  intestine 
retrogrades.  According  to  the  stage  reached  will  be  the  exact  jDrocess 
of  resolution.    If,  in  any  part,  ulceration  has  not  yet  occurred,  then  there 

is  a  gradual  diminution  of  the  patch  and  a  return  to  the  normal.  If 
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ulceration  exists  the  ulcer  fills  up  and  cicatrizes.  The  cicatrix,  however, 
remains  long,  often  with  a  slaty  colour,  but  not  usually  with  much 
puckering. 

In  the  LYMPHATIC  GLANDS  of  the  mesentery  processes  occur  which 
are  quite  parallel  to  those  in  the  follicles  of  the  intestine.  The  glands 
enlarge,  and  present  on  section  a  red  injected  appearance  and  soft  con- 
sistence. There  may  be  necrosis  here  also,  giving  rise  to  an  opaque 
greyish  condition  in  the  midst  of  the  gland.  When  recovery  takes 
place  the  glands  return  to  the  normal,  and  the  sloughs  are  usually 
absorbed,  although  they  may  become  caseous  and  subsequently  cal- 
careous. 

It  is  to  be  remembered  also  that  the  spleen  is  enlarged,  and  there  is 
here  more  than  in  typhus  fever  a  swelling  of  the  Malpighian  folhcles, 
which  are  lymphatic  in  structure,  and  so  the  spleen  is  firmer  and  paler 
on  section. 

TUBEECULOSIS  OF  THE  INTESTINE. 

In  the  great  majority  of  cases  this  condition  is  secondary  to  pulmon- 
ary phthisis,  and  it  occurs  in  about  three-fourths  of  the  cases  of  that 
disease  examined  after  death.  It  may  be  doubted  whether  it  ever 
occurs  as  a  primary  disease.  We  have  already  seen  that  tubercular 
ulceration  is  very  common  in  the  mucous  membrane  of  the  bronchial 
tubes  in  connection  with  pulmonary  cavities,  and  that  it  is  also  frequent 
in  the  tracheal  and  laryngeal  mucous  membranes.  The  tubercular 
lesions  are  doubtless  due  to  the  direct  action  of  the  virus  carried  from 
the  lungs.  The  tubercular  disease  in  the  intestine  is  to  be  accounted 
for  by  the  sputa  being  partly  swallowed,  and  the  virus  applying  itself  to 

the  intestine  directly. 

The  virus  here  attacks  the  same  structures  as  in  typhoid  fever, 
namely  the  closed  follicles  and  Peyer's  patches,  and  at  first  it  produces 
a  change  of  a  somewhat  similar  kind.  There  is  an  enlargement  of_  the 
closed  folhcles  by  reason  of  a  great  new-formation  of  cells  which  infil- 
trate the  neighbouring  mucous  membrane  as  well  as  the  follicles.  This 
primary  enlargement  is,  however,  much  less  uniform  than  in  typhoid 
fever  On  the  whole,  it  is  greatest  towards  the  lower  part  of  the  ileum, 
but  it  presents  great  irregularities.  Even  on  the  Peyer's  patch  it 
generally  affects  a  few  closed  folhcles,  and  not  the  whole,  so  that  there 
are  rounded  prominences  dotted  over  the  patch.  Moreover,  it  is  not 
simply  an  inflammatory  infiltration  which  occurs ;  there  are  tubercles 
present  of  characteristic  structure. 
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The  enlarged  follicles  undergo  caseous  necrosis,  so  that  very  soon 
they  are  seen  to  have  an  opaque  yellow  kernel,  while  the  epithelium 
still  covers  them.  In  the  next  place  softening  occurs,  and  the  caseous 
mass  is  discharged,  leaving  an  ulcer.  The  ulcer  is  crater-shaped  with 
over-hanging  edges,  which  are  infiltrated  with  leucocytes  and  contain 
mihary  tubercles  (see  Figs.  249  and  250).   There  may  be  at  first  several 


Fig.  249. — Tubercular  ulcer  of  the  intestine.  Naked  eye  appear- 
ance.   The  swoUen  overhanging  edges  are  indicated. 


such  ulcers  on  a  Peyer's  patch,  and  other  solitary  ones  in  other  parts. 
They  extend  by  fresh  infiltration  of  the  neighbourhood  and  fresh 
necrosis,  while  at  the  same  time  miliary  tubercles  are  visible  in  the 
midst  of  the  inflammatory  infiltration.  The  infiltration  very  commonly 
involves  the  muscular  coat,  and  even  the  serous  (see  Fig.  250),  but  the 
ulcer  rarely  extends  in  depth  beyond  the  mucous  and  submucous  coats. 
On  the  other  hand  tubercles  are  often  to  be  seen  almost  free  of  inflam- 
matory infiltration  at  a  distance  from  the  ulcers  in  the  midst  of  the 
muscular  coat,  or  even  outside  it  and  in  the  peritoneum. 

The  ulcer  extends  much  more  laterally  than  deeply,  involving  ever 
increasing  portions  of  the  mucous  membrane.  In  its  extension  it  does 
not  in  the  least  respect  the  boundaries  of  the  Peyer's  patches  or  sohtary 
follicles,  but  extends  beyond  them,  generally  advancing  more  across  the 
gut  than  longitudinally.  In  this  way  ulcers  are,  not  infrequently,  much 
elongated  in  a  direction  transverse  to  the  intestine,  and  may  even  form 
a  ring  around  it.  As  they  begin  largely  in  the  Peyer's  patches,  the 
ulcers  have  usually  their  centres  at  the  part  of  the  gut  opposite  the 
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mesenteric  attachment,  the  patches  having  their  seats  along  this  free 
portion. 


Fig.  250. — Section  of  a  small  tubercular  ulcer.  In  the  middle  there  is  a  crater-shaped  ulcer  (a) 
with  overhanging  edges.  The  mucous  membrane  around  is  infiltrated  with  round  cells  in  the 
midst  of  which  a  few  tubercles  are  indicated.  Beneath  the  ulcer  the  muscular  coat  is  infiltrated. 
At  d  there  is  a  small  sub-serous  tiibercle.    x  16. 

The  position  of  the  ulcers  is  often  indicated  before  opening  the  in- 
testine by  the  appearance  of  the  peritoneal  surface.  If  the  ulcer  be  of 
any  considerable  size  there  is  some  inflammation  of  the  peritoneum, 
evidenced  by  redness  and,  very  often,  elongated  projections  of  vascular 
connective  tissue.  But  above  all  we  can  generally  see  in  the  peritoneum 
groups  of  little  white  nodules,  which  are  tubercles  in  or  under  the  serous 
coat.  The  existence  of  these  tubercles  is  sometimes  even  useful  in  de- 
termining whether  an  ulcer  is  a  tubercular  one  or  not.  It  is  very  rare 
indeed  that  the  ulcer  penetrates  through  the  peritoneal  coat,  and  if  it 
does,  it  is  usually  protected  by  adhesion  to  neighbouring  loops  of 
intestine. 

As  a  general  rule  the  tubercular  ulceration  is  most  marked  in  the 
ileum,  but  not  infrequently  the  colon  is  attacked,  and  there  may  be 
ulcers  of  very  large  size  there. 

The  process  is  for  the  most  part  a  chronic  one,  and  the  ulcers  advance 
slowly.  Sometimes,  however,  and  usually  in  connection  with  acute 
phthisis,  there  is  a  rapid  swelling  of  the  folhcles,  and  ulceration  occurs 
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by  softening,  without  preliminary  caseous  necrosis.  In  these  cases  per- 
foration is  much  more  hable  to  occur. 


TUMOUES  OF  THE  INTESTINE. 

Cancer. — This  is  by  far  the  most  frequent  and  important  form  of 
tumour.  Cancers  are  almost  confined  to  the  large  intestine  ;  we  have 
already  connected  this  with  the  fact  that  this  portion  is  most  exposed  to 
the  irritation  of  the  stagnant  faeces.  This  is  the  more  evident  as  the 
most  frequent  localities  are  the  rectum,  the  flexures,  and  the  caecum. 
At  the  same  time  cancers  are  not  unknown  in  the  small  intestine. 

The  commonest  form  of  cancer  is  a  very  chronic  epithelioma  with 
gland-like  masses  of  cylinder  cells  (Fig.  251).    The  tumour  is  very  fre- 


Fig.  251.— Cylinder-celled  epithelioma  of  rectum.  There  are  gland-like 
spaces  containing  epithelium,  which  at  the  periphery  is  characteristicaUv 
cylindrical. 

quently  ring-shaped,  and  as  ulceration  readily  occurs,  there  may  be  little 
more  than  an  ulcer  with  infiltrated  edges.  Even  the  infiltration  of  the 
edges  may  be  very  sHght,  and  it  may  be  difficult  to  be  sure  that  the  dis- 
ease is  cancerous.  The  ulceration  is  accompanied  by  new-formation  of 
connective  tissue  in  all  the  coats  of  the  intestine,  and  while  adhesion 
occurs  to  parts  around,  there  is  great  contraction  of  the  intestine.  In 
this  way  strictures  arise,  and  the  occlusion  of  the  calibre  may  be 
increased  by  the  mucous  membrane  at  the  edges  of  the  ulcer  being 
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thrown  into  folds.  In  fact,  if  we  except  hernias,  this  is  probably  the 
most  frequent  cause  of  intestinal  obstruction. 

It  has  been  already  noted  that  the  proper  cancerous  structure  is 
often  to  a  large  extent  destroyed  by  ulceration,  but  at  the  edges  we  may 
distinguish  masses  of  epithelial  cells  with  a  glandular  arrangement.  In 
the  adhesions  around  the  affected  part  of  the  intestine  enlarged  glands 
may  be  found  with  cancerous  tissue. 

Next  to  the  epithelial  the  most  common  is  colloid  cancer.  This 
forms  a  much  more  prominent  tumour  which  may  involve  a  consider- 
able length  of  the  gut,  and  incorporate  the  entire  coats.  This  form 
may  produce  obstruction  by  its  mere  bulk,  although  it  also  is  liable  to 
ulceration,  and  the  consequent  contraction  of  the  gut  added  to  the  bulk 
of  the  tumour  frequently  effect  obstruction.  It  does  not  so  readily 
affect  the  lymphatic  glands,  but  more  usually  extends  through  the  wall 
into  the  peritoneum. 

Soft  cancer  is  much  less  common  here  than  in  the  stomach,  and  it 
resembles  the  same  form  of  tumour  there.  It  extends  to  the  lymphatic 
glands  and  frequently  also  to  the  liver. 

The  remaining  tumours  of  the  intestine  are  of  little  importance. 
Fibromas,  LiPOikiAS,  MYOMAS  and  sarcomas  occur,  and  they  are  all 
apt  to  pass  into  the  interior  of  the  intestine  and  assume  the  form  of 
SUBMUCOUS  POLYPL  It  is  said  that  these  polypi  by  being  dragged  on 
in  the  peristaltic  movements  of  the  intestine  may  produce  invagination. 
Mucous  POLYPI  are  also  to  be  mentioned  as  occurring,  especially  in  the 
rectum  in  catarrh. 


OBSTRUCTION  TO  THE  CALIBEE  OF  THE  INTESTINE. 

This  condition  has  been  incidentally  mentioned  as  occasioned  by 
several  of  the  lesions  already  described.  It  may  be  well  here  to  sum  up 
the  various  forms  of  intestinal  obstruction  and  to  describe  the  effects 
produced  when  the  calibre  of  the  intestine  is  interrupted. 

Next  to  hernia,  the  most  frequent  cause  of  obstruction  is  the  contrac- 
tion of  cicatrices  resulting  from  ulceration,  and  in  the  great  majority  of 
cases  the  ulcers  are  malignant,  that  is  to  say,  they  arise  by  the  break- 
ing down  of  cancers.  It  is  to  be  remembered  that  in  contractions  of 
the  calibre  such  as  these  the  direct  cause  of  the  final  obstruction  may 
be  the  folding  of  the  mucous  membrane  above  the  stricture,  this  acting 
like  a  valve  to  the  narrowed  part.  Tumours  also  obstruct  sometimes 
by  their  bulk.    Similarly  gall  stones,  masses  of  fasces,  collections  of 
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round  worms  may  occlude  the  calibre.  Invagination  is  the  commonest 
cause  in  children.  There  is  also  twisting  or  torsion.  Lastly,  we  have 
obstruction  by  incarceration,  the  intestine  passing  into  a  position  where 
a  loop  is  caught  at  the  neck  and  strangled.  Hernias  form  the  common- 
est examples  of  this  kind,  but  there  are  a  number  of  cases  in  which  the 
intestine  slips  under  a  bridge  or  ligament  and  gets,  as  it  were,  pinioned 
.and  compressed. 

This  last  cause  of  obstruction  occurs  so  obviously  to  the  mind  that  its 
frequency  is  apt  to  be  thought  much  greater  than  it  is.  In  reality  it 
forms  a  small  proportion  of  the  entire  cases.  The  abnormal  band  may 
be  formed  by  the  adhesion  of  structures  to  various  parts  of  the  ab- 
domen so  as  to  form  bridges.  Thus  the  vermiform  appendage  may  adhere 
by  its  tip  and  form  a  bridge  ;  or  a  Meckel's  diverticulum  may  similarly 
adhere ;  or  the  omentum  may  be  tied  down  in  such  a  way  as  to  form 
a  narrow  bridle.  But  sometimes  the  band  is  itself  distinctly  of  new 
formation ;  there  has  been  a  local  peritonitis,  and  two  opposing  surfaces 
have  become  adherent  in  the  usual  way  of  inflammatory  adhesion,  by 
vascular  connective  tissue ;  by  the  moven^ents  of  the  intestine  the 
connective  tissue  has  been  dragged  upon  and  elongated  till  it  forms 
a  band  or  ligament,  which  may  afterwards  tie  down  a  loop  of 
intestine. 

A  very  unusual  form  of  incarceration  is  that  in  which  there  is  an 
APERTURE  IN  THE  MESENTERY  through  which  the  intestine  passes. 
This  may  be  produced  by  a  tear  in  the  mesentery.  But  in  a  case 
observed  by  the  author,  there  was  a  large  round  gap  about  5  inches 
in  diameter  with  rounded  edges,  and  obviously  of  long  standing,  per- 
haps congenital.  The  greater  part  of  the  small  intestine  had  become 
impacted  in  a  complicated  fashion  into  the  aperture,  and  obstruction 
had  finally  resulted. 

When  obstruction  occurs  the  intestinal  contents  accumulate  in  the 
parts  of  the  intestine  above.  The  bowel  may  be  greatly  distended  and 
its  muscular  tissue  paralysed  by  the  internal  pressure ;  the  stagnating 
faeces  decompose,'  and  the  contents  of  the  small  intestine  may  acquire 
the  characters  of  those  of  the  large.  This  decomposition  of  the  intes- 
tinal contents  leads  to  several  important  results.  In  the  first  place 
there  may  be  great  formation  of  gas  which  still  further  distends  and 
may  produce  the  condition  of  exaggerated  inflation  called  meteorism. 
Then  a  return  of  the  faeces  in  the  reverse  direction  may  occur,  and  if 
the  decomposition  is  sufficiently  advanced  there  may  be  a  vomiting  of 
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matter  having  the  characters  of  fseces.  This  alarming  phenomenon  of 
STERCORACEOUS  VOMITING  is  sometimes  referred  to  the  reverse  current 
extending  from  the  colon.  We  can  hardly  suppose,  however,  that  the 
fseces  are  able  to  pass  the  ileo-csecal  valve,  and  for  the  most  part  the 
vomited  matters  are  really  the  stagnant  contents  of  the  small  intestine 
which  have  undergone  the  faecal  decomposition.  Of  course  there  is  a 
reverse  current,  else  the  intestinal  contents  would  not  reach  the 
stomach.  But  this  does  not  necessarily  imply  a  vermicular  movement 
in  the  reverse  direction.  If  the  intestine  is  distended,  and  is  interrupted 
at  a  particular  point,  then  the  vermicular  movement  in  the  usual 
direction  will  carry  the  external  layer  of  contents  downwards  to  the 
point  of  obstruction.  But  in  order  to  accommodate  this  fresh  arrival 
there  must  be  a  return,  current  upwards  in  the  centre  of  the  tube. 
There  is  a  similar  condition  to  what  exists  normally  in  the  stomach 
where  the  contents  are  carried  to  the  pylorus,  and  meeting  the  obstruct- 
ing sphincter  return  for  the  most  part  down  the  centre  of  the  cavity 
towards  the  fundus. 

Again,  the  products  of  decomposition  may  be  absorbed  to  an  abnor- 
mal extent  and  appear  in  the  urine.  There  are  two  substances  result- 
ing from  the  decomposition  of  albuminous  substances  which  are  nor- 
mally present  to  a  limited  extent  in  the  urine,  namely,  indican  and 
CARBOLIC  ACID.  In  cases  of  obstruction  these  substances,  or  one  of 
them,  are  increased  in  quantity  sometimes  to  a  very  striking  extent. 
This  increase  does  not  occur  unless  the  stagnation  extends  to  the  small 
intestine  where  -the  albuminoids  are  present.  It  does  not  occur  there- 
fore in  ordinary  constipation  which  affects  the  large  intestine  alone, 
apparently  because  the  albuminoids  are  absorbed  before  they  reach  the 
large  intestine. 


DISEASES  OF  THE  LIVER,  PANCREAS,  AND 

PERITONEUM. 


A.— THE  LIVER. 

TNTRODUCTORY.— The  liver  is  the  largest  gland  in  the  body,  its 
weight  being  on  an  average  from  48  tQ^58  ounces  in  the  adult 
male  and  40  to  50  ounces  in  the  female.  From  this  alone  it  may  be 
inferred  that  its  diseases  are  of  great  importance. 

When  we  come  to  consider  the  functions  of  the  liver  we  are  met 
with  serious  difficulties  from  the  pathological  point  of  view.  Diseases 
may  largely  destroy  or  render  inactive  the  proper  parenchyma  without 
seriously  interfering  with  the  general  health  of  the  patient  unless,  by 
interfering  with  the  blood-vessels  in  the  liver,  they  produce  secondary 
effects  in  the  portal  circulation.  Even  the  suspension  of  the  biliary 
secretion  may  be  without  serious  effect  on  the  nutrition  of  the  body. 
In  considering  the  subject  of  diabetes  mellitus  (p.  64)  the  glycogenic 
function  of  the  liver  has  been  sufficiently  referred  to,  and  it  only  remains 
to  be  said  here  that,  practically,  nothing  is  known  of  the  influence  on 
this  function  of  lesions  which  destroy  the  liver  tissue.  The  influence 
may  be  very  great  and  important,  but  no  facts  are  known  in  regard  to 
it.  It  is  not  to  be  inferred,  however,  that  the  liver  is  unimportant  to 
the  organism,  but  merely  that  the  organism  seems  to  have  a  remarkable 
power  of  compensation  when  its  tissue  is  diseased. 

In  considering  the  diseases  of  the  liver  the  arrangements  of  the  cir- 
culation must  be  borne  in  mind.  It  is  well  known  that  most  of  the 
blood  comes  to  the  liver  by  the  portal  vein,  and  the  proper  hepatic 
tissue  is  arranged  in  relation  to  the  ultimate  ramifications  of  that  vessel 
The  interlobular  veins  form  these  ultimate  ramifications,  and  these  are 
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in  immediate  connection  with  the  hepatic  lobules.  The  hepatic  lobule 
is  a  group  of  hepatic  cells  with  blood-vessels,  having  in  man  a  poly- 
gonal or  somewhat  globular  shape ;  it  measures  about  the  twentieth  of 
an  inch  in  diameter.  The  interlobular  vein  lying  outside  the  lobule 
sends  multitudinous  capillaries  into  it,  and  these  seeking  the  centre  of 
the  lobule  open  into  the  central  or  intralobular  vein  which  is  the  radicle 
of  the  hepatic  vein.  Blood  is  also  brought  to  the  liver  by  the  hepatic 
artery  which  supplies  the  connective  tissue  and  walls  of  the  blood- 
vessels chiefly.  Its  capillaries  terminate  in  veins  which  open  into  the 
interlobular  veins  (according  to  Cohnheim  and  Litten),  so  that  this 
blood  also  finds  its  way  into  the  hepatic  capillaries  and  on  into  the 
hejDatic  vein. 

The  connective  tissue  of  the  liver  is  often  described  as  if  it  formed 
a  special  covering  to  the  portal  vein,  being  called  Glisson's  capsule.  It 
really  forms  a  supporting  stroma  which  holds  the  portal  vein,  the  hep- 
atic artery,  and  the  hepatic  duct,  which  all  lie  side  by  side.  The 
lymphatic  channels  are  also  contained  in  it.  In  some  animals  the  con- 
nective tissue  surrounds  each  lobule  and  defines  it  distinctly  from  its 
neighbour,  but  in  man  it  stops  short  at  the  interlobular  vein,  and  except 
where  this  vein  is,  the  lobules  at  their  margins  merge  into  each  othei, 
and  their  capillaries  are  in  common.  Examination  of  Fig.  254,  in 
which  the  lobules  are  demarcated  by  fatty  infiltration,  will  show  how 
they  run  into  one  another  at  their  peripheries.  Although  no  pro- 
per fibrillated  connective  tissue  is  present  inside  the  lobules,  yet  a  fine 
reticulum  accompanies  and  supports  the  capillaries. 

The  lobules  are  large  enough  to  be  visible  to  the  naked  eye,  yet 
unless  there  is  some  abnormal  condition  present,  they  are  not  indi- 
vidually distinguishable.  On  the  other  hand,  it  is  they  which  give 
the  liver  when  torn  that  granular  appearance  with  which  we  are 
familiar. 

It  is  important  to  remember  that  the  circulation  in  the  portal  vein, 
and  especially  in  the  capillaries  of  the  liver,  must  be  unusually 
slow.  The  blood  before  it  reaches  the  liver  has  passed  through  one  set 
of  capillaries,  and  here  it  passes  through  a  second  set ;  it  has  therefore 
lost  very  largely  the  force  derived  from  the  contraction  of  the  heart 
It  is  probably  for  this  reason  that  the  liver  is  so  very  frequently  the 
seat  of  secondary  diseases,  such  as  tuberculosis,  abscesses,  cancers,  etc. 
We  may  suppose  that  as  the  blood  moves  so  slowly  there  will  be  time 
for  any  infective  material  to  settle  down  and  produce  its  special  efi"ects. 
We  know  that  when  vermilhon  is  injected  into  the  blood  it  is  found 
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largely  in  the  capillaries  of  the  liver.  Similarly  the  abnormal  pigment 
present  in  the  blood  in  melansemia  is  found  largely  in  these  capillaries. 

MALFOEMATIONS  AND  DEFOEMITIES  OF  THE  LIVEE. 

Congenital  malformations  of  the  liver  are  not  common.  There  are 
cases  of  absence  of  the  hver,  and  of  defect  of  one  of  the  lobes,  or  irre- 

i  gularity  in  the  lobes.  What  may  be  called  supernumerary  livers  have 
also  been  found  in  the  form  of  isolated  pieces  of  liver  tissue  in  the 

i  suspensory  ligament.     Of  more  importance  is  congenital  absence  of 

.  the  gall  bladder,  along  with  which  there  is  usually  a  dilatation  of  the 

i  bile  ducts. 

The  liver  is  sometimes  transposed  along  with  a  general  trans- 
position of  the  viscera.  In  a  case  recorded  by  Fraser,  there  was  not 
only  a  transposition  but  an  occasional  DISLOCATION  of  the  liver,  which 
came  down  into  the  left  inguinal  region. 

An  ACQUIRED  DEFORMITY  is  very  frequently  met  with  IN  FEMALES, 
and  is  to  be  associated  with  the  method  inijvvhich  the  clothes  are 
worn.  This  deformity  is  usually  stated  to  be  due  to  tight  lacing, 
but  although  doubtless  greatly  aggravated  by  this,  it  is  also  induced  by 
the  ordinary  methods  of  suspending  the  garments  used  by  females. 
These  are  held  up  by  being  drawn  tight  at  the  waist  above  the  crest 
of  the  ilium,  the  projection  of  this  bone  preventing  them  slipping 
down.  By  this  tight  band,  often  of  considerable  breadth,  the  ab- 
dominal organs  are  compressed  and  the  lower  ribs  are  held  down  and 
pressed  inwards.  This  is  greatly  aggravated  by  the  wearing  of  stays, 
even  although  they  be  not  tightly  laced,  as  by  them  the  lower  ribs  are 
kept  compressed  inwards.  The  effect  on  the  liver  is  that  it  is  greatly 
flattened,  while  a  transverse  shallow  depression  forms  along  the  upper 
surface,  affecting  chiefly  the  right  lobe.  In  this  groove  the  capsule  is 
thickened,  and  there  is  obviously  considerable  loss  of  liver  tissue. 
Sometimes  the  atrophy  along  this  groove  is  such  that  the  liver  is  as  it 
were  divided  by  it,  and  the  two  portions  can  be  folded  together.  With 
the  flattening  there  is  great  displacement  of  the  liver,  whose  lower  edge 
may  extend  as  far  down  as  the  umbilicus.  More  or  less  of  this  defor- 
mity is  to  be  found  in  nearly  all  female  bodies,  and  is  even  found  in  the 
bodies  of  men  who  have  been  in  the  habit  of  wearing  tight  belts  round 
their  waists. 

Sometimes  the  upper  surface  of  the  right  lobe  of  the  liver  presents 
elongated  depressions  passing  from  behind  forwards,  which  are  really 
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FOLDS  OF  THE  LIVER,  and  are  produced  chiefly  when  there  is  some 
obstruction  to  expiration.  In  that  case  the  diaphragm  is  depressed 
by  the  dilated  hmg,  and  at  the  same  time  the  lower  ribs  are  drawn 
down  in  violent  expiratory  movements  by  the  abdominal  muscles,  and 
pressed  against  the  liver,  which  is  supported  below  by  the  contraction 
of  the  abdominal  muscles. 

The  liver  is  very  liable  to  changes  of  position.  Tumours  or 
fluid  in  the  abdomen  carry  it  upwards.  Depressions  of  the  diaphragm 
press  it  downwards.  The  suspensory  ligament  may  be  elongated  so 
that  the  organ  is  unduly  movable,  and  may  undergo  displacement 
downwards. 

PASSIVE  HYPEE^^MIA  OF  THE  LIVER 

The  names  nutmeg  liver  and  red  atrophy  are  sometimes  given 
in  cases  of  prolonged  passive  hypersemia,  these  names  indicating  certain 
appearances  presented  by  the  tissue,  and  to  be  referred  to  afterwards. 
Passive  hyperemia  occurs  when  any  obstruction  exists  in  the  circu- 
lation of  such  a  nature  as  to  interfere  with  the  return  of  blood 
from  the  inferior  vena  cava  to  the  right  side  of  the  heart.  The  com- 
monest cause  is  valvular  disease  of  the  heart,  especially  mitral  disease, 
but  it  also  results  from  obstruction  to  the  pulmonary  circulation  as  in 
bronchitis  and  emphysema,  etc.  In  these  cases  there  is  a  general 
engorgement  of  the  systemic  venous  circulation,  with  increase  of  blood 
pressure  in  the  veins.  We  have  already  seen  that  in  the  capillaries  of 
the  liver,  and  consequently  in  the  hepatic  veins,  the  normal  circulation 
is  unusually  slow,  and  the  blood-pressure  low.  Any  increase  in  the 
blood-pressure  in  the  general  venous  circulation  will,  consequently,  tell 
particularly  on  the  vessels  of  the  liver,  and  we  may  even  suppose  that 
the  blood  passing  up  the  inferior  cava  may  in  such  cases  regurgitate 
into  the  hepatic  vein. 

The  result  of  this  is  a  very  great  distension  of  the  hepatic  vein  and 
its  radicles — the  central  or  intralobular  veins.  The  distension  extends 
to  the  capillaries,  which,  as  in  Fig.  252,  are  sometimes  found  enormously 
dilated.  The  dilated  capillaries  by  pressure  cause  atrophy  of  the 
HEPATIC  cells,  and  it  often  happens  that  the  central  parts  of  the 
lobules  are  entirely  occupied  by  enormously  dilated  capillaries,  while 
the  hepatic  cells  are  hardly  visible  (see  figure).  The  remains  of  the 
hepatic  cells  frequently  contain  brown  pigment  granules.    The  atrophy 
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of  the  hepatic  cells  in  these  regions  may  be  complete,  only  a  few  pig- 
ment masses  representing  them. 

Sometimes  in  addition  to  these  changes  there  is  a  hypertrophy  of  the 
connective  tissue  surrounding  the  lobules,  but  this  is  usually  incon- 


Fig.  252. — Passive  hypersemia  of  the  liver.  Cue  lobule  and  parts  of  other  two  are  shown. 
In  the  central  parts  of  the  lobules  there  is  almost  nothing  but  dilated  capillaries  contain- 
ing blood-corpuscles  only  ;  a  few  atrophied  and  pigmented  hepatic  cells  being  visible. 
At  the  peripheral  parts  of  the  lobules  the  hepatic  cells  are  seen,  many  of  them  pig- 
mented.    X  90.  .  J  Jr-  6 

siderable,  and  it  is  a  mistaken  view  that  a  cirrhosis  of  the  liver  arises 
out  of  passive  hyperasmia. 

The  naked-eye  appearances  may  be  directly  connected  with  these 
minute  changes.  At  first  there  is  a  general  enlargement  of  the  organ, 
which,  on  section,  appears  unduly  red.  On  closer  examination  it  is 
seen  that  there  are  minute  areas  of  a  deep  red  colour  corresponding 
with  the  central  parts  of  the  lobules,  and  these  are  surrounded  by  zones 
of  a  grey  or  yellowish  colour.  The  result  is  that  the  lobules  are,  as  it 
were,  mapped  out  by  these  contrasting  colours,  and  are  for  the  most 
part  individually  visible  to  the  naked  eye.    Sometimes  several  adjacent 
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lobules  are  almost  completely  occupied  by  dilated  vessels,  and  there  is  a 
narrower  ring  of  normal  tissue  around  each,  so  that  the  part  of  the 
liver  as  a  whole  has  an  almost  cavernous  structure  and  presents  a  deeper 
red  colour  on  section.  It  is  these  variations  in  colour  and  figuring  wtich 
give  the  cut  surface  the  appearance  of  the  section  of  a  nutmeg. 

In  parts  where  there  has  been  great  loss  of  the  proper  tissue,  the 
liver  may  appear  to  the  naked  eye  after  death  partially  atrophied.  During 
life  the  dilated  veins  and  capillaries  are  distended  with  blood,  but  after 
death,  the  blood-pressure  being  removed,  these  may,  to  some  extent, 
collapse.  In  this  way  the  surface  has  sometimes  an  irregular  appearance, 
which  may  be  mistaken  for  that  of  cirrhosis,  but  it  will  be  noticed  that 
the  depressed  or  atrophied  parts  have  a  deep  red  colour. 


THROMBOSIS  AND  EMBOLISM  IN  THE  LIVER. 

Thrombosis  of  the  portal  vein  is  of  somewhat  frequent  occurrence, 
especially  as  a  result  of  cirrhosis.  It  also  occurs  sometimes  by  propaga- 
tion of  a  thrombosis  from  the  radicles  of  the  vein,  or  by  embohsm  from 
them.  The  embolus  may  be  a  septic  one,  and  there  mil  be  a  phlebitis 
with  the  thrombosis.  The  coagulum  in  the  vein  if  not  of  a  septic  char- 
acter leads  to  a  chronic  inflammation  with  adhesion  in  its  neighbourhood. 
The  consequences  to  the  liver  itself,  even  of  complete  closure  of  the 
portal  vein,  are  not  so  important  as  might  be  looked  for.  It  is  stated 
by  some  that  it  may  lead  to  cirrhosis  of  the  liver,  but  there  is  no  proper 
foundation  for  this  statement,  and  cirrhosis  is  much  more  frequently 
the  cause  than  the  result  of  thrombosis.  It  has  also  been  asserted 
that  diabetes  mellitus  may  occur  as  a  result  of  thrombosis  of  the  portal 
vein.  The  consequences  outside  the  liver  are  much  more  important. 
There  is  dilatation  of  the  radicles  of  the  portal  vein  in  the  abdominal 
viscera,  with  ascites,  which  is  generally  very  extreme.  The  results  lu 
this  regard  are  essentially  similar  to  those  which  occur  in  cirrhosis, 
and  are  referred  to  more  particularly  below,  under  that  heading. 

Thrombosis  and  embohsm  of  the  hepatic  artery  are  not  of  consequence 
unless  the  plug  be  of  a  septic  nature.  The  hepatic  artery  is  not  an  end- 
artery,  and  if  some  of  its  branches  be  obstructed  the  anastomosing  coni- 
municltions  restore  the  circulation.  If  the  main  branch  of  the  artery 
be  obstructed  then  we  may  have  necrosis  of  the  liver,  but  such  an 
obstruction  is  scarcely  liable  to  occur  in  man,  and  its  effects  have  only 
been  studied  in  experiments  in  animals. 
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i  HYPEETROPHY  OF  THE  LIVER. 

I      ^Yhen  considerable  portions  of  the  liver  are  destroyed,  there  is  liable 
!  to  be  a  COMPENSATORY  HYPERTROPHY  of  remaining  parts.    The  loss  of 
I  liver  substance  may  be  congenital,  as  in  a  case  observed  by  the  author 
in  which,  probably  from  some  injury  early  in  foetal  hfe,  the  right  kidney 
and  the  greater  part  of  the  right  lobe  of  the  liver  were  awanting.  In 
■that  case  the  left  lobe  was  greatly  increased  in  size,  and  the  liver  as  a 
whole  was  of  the  normal  weight.    There  may  be  a  similar  compensatory 
i  hypertrophy  from  destruction  of  liver  tissue  in  after-life.    The  destruc- 
i  tion  may  be  by  pressure  of  hydatid  cysts,  syphilitic  gummata,  and 
I  cicatrices,  or  even  by  cirrhosis.    The  region  of  the  atrophy  will  deter- 
1  mine  that  of  the  hypertrophy,  but  sometimes  the  left  lobe  or  the  lobus 
Spigelii  undergoes  great  enlargement. 

Hypertrophy  of  the  Uver  has  been  described  as  occurring  in  DIABETES. 
Undoubtedly  the  liver  is  frequently  enlarged  in  this  disease.  Some  of 
the  enlargement  is  due  to  hypersemia,  and  some  to  swelhng  of  the 
hepatic  cells.  This  latter  is  probably  a  true  hypertrophy  of  the  liver 
tissue. 

EETROGRADE  CHANGES  IN  THE  LIVER. 

Atrophy  of  the  Liver. — We  have  already  referred  to  the  atrophy 
which  occurs  in  passive  hypersemia.    In  the  preceding  section  also  we 
I  have  seen  that  pressure,  as  by  a  hydatid  cyst,  produces  atrophy.  In 
old  persons  Ave  meet  %vith  a  senile  atrophy,  the  organ  as  a  whole  being 
reduced  in  size,  and  more  deeply  coloured  than  normal. 

Parenchymatous  Infiltration  of  the  liver  occurs,  as  we  have 
previously  seen,  in  connection  with  many  acute  diseases.  It  is  this 
which  causes  the  enlargement  of  the  liver  in  the  acute  fevers,  pneumonia, 
erysipelas,  etc.  The  hepatic  cells  are  highly  granular,  and  if  the  albu- 
minous granules  be  destroyed  by  liquor  potassse  it  will  be  seen  that 
there  are  numerous  fine  fat  granules,  the  cloudy  swelling  passing  into 
fatty  degeneration. 

Fatty  Degeneration  is  not  common  except  as  a  further  stage  of 
the  condition  just  mentioned,  and  as  occurring  in  acute  yellow  atrophy 
to  be  presently  described. 
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Fatty  Infiltration  was  referred  to  in  a  former  part  of  this  work, 
and  its  pathology  considered  (see  p.  121).  In  this  place  we  have  to 
consider  the  locality  of  the  fat  and  the  changes  it  effects. 

In  the  normal  liver  there  is  very  little  free  fat  in  the  hepatic  cells. 
In  fatty  infiltration  fat  is  brought  in  quantity  by  the  portal  vessels  and 
deposited  in  the  hepatic  cells.  It  is  first  deposited  in  those  nearest  the 
terminals  of  the  portal  vein,  that  is  to  say,  in  the  peripheral  parts  of  the 
lobules  (see  Fig.  253),  so  that  at  first  each  lobule  has  a  peripheral  zone  of 


FiB.  253  —Fatty  infiltration  of  the  liver,  osiiiic  acid  preparation  as  seen  with  a  very 
low  power.  The  peripheral  parts  of  the  lobules  are  demarcated  by  the  fatty  infiltra- 
tion. xl6. 

fatty  infiltration.  This  is  still  more  strikingly  seen  when  a  microscopic 
section  is  treated  with  osniic  acid.  The  fatty  peripheral  parts  become 
of  a  blackish  colour,  and  the  section  assumes  a  very  striking  figured 
appearance  as  shown  in  the  figure.  As  the  condition  advances,  more  and 
more  of  the  lobule  is  affected,  and  the  infiltration  may  overtake  its 
whole  extent.  Even  in  extreme  cases,  however,  it  usually  preponderates 
at  the  peripheral  parts.  The  fat  is  present  in  larger  and  smaller  drops 
inside  the  hepatic  cells,  but  the  tendency  is  for  the  drops  to  assume  a 
considerable  size  (as  in  Fig.  254).  The  protoplasm  of  the  cells  is  pushed 
aside  by  the  fat,  but  probably  its  function  is  not  greatly  interfered  wiUk 
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I  The  fatty  liver  presents  usually  distinct  appearances  to  the  naked 
I  eye.  According  to  the  extent  of  the  infiltration  is  the  organ  increased 
I  in  weight,  but  in  extreme  cases  it 

may  be  double  the  normal.  The 

enlargement  is  general,  the  thickness 

especially  being  much  increased.  The 

consistence  is  unduly  soft,  and  the 
(  colour  a  more  or  less  opaque  yellow. 

If  the  infiltration  be  not  extreme,  so 

that  the  whole  lobule  is  not  infiltrat-  Fig.  254.— Fatty  infiltration  of  liver.  The 
i    J  .  ,     ,  ,     ,  cells  are  isolated,  and  they  contam  larger  and 

ea,  tnen  witn  tne  naked  eye  we  can  smaller  drops  of  oil.  x  350. 
see  on  the  cut  surface  the  indications  of  its  presence.  The  -lobules  are, 
in  fact,  mapped  out  in  the  most  characteristic  figured  manner,  so  that, 
on  looking  closely,  we  can  distinguish  each  with  perfect  accuracy.  The 
appearance  presents  a  considerable  resemblance  to  that  of  the  nutmeg 
liver,  where  also  the  lobules  are  mapped  out ;  but  in  the  fatty  liver  it 
is  by  unduly  pale  tissue  at  the  peripheral  parts  of  the  lobules,  which 
contrasts  with  the  normal  central  parts  ;  whilerjn  the  other  case  it  is 
the  normal  which  is  at  the  periphery,  and  it  contrasts  with  the  red 
central  parts,  and  the  whole  cut  surface  is  unduly  red. 

Amyloid  degeneration  of  the  liver  has  already  been  considered  in 
its  general  aspects  (see  p.  131).  The  degeneration  appears  first  in  the 
arteries  and  capillaries,  the  appearance  in  the  latter  being  as  if,  at  inter- 
vals, the  wall  were  swelled  up  by  a  translucent  material.  In  these 
earlier  stages  there  is  no  difficulty  in  making  out  that  inside  the  lobules 
)t  is  the  capillaries  which  are  aff'ected.  The  general  arrangement  of  the 
capillaries  is  beautifully  shown  by  the  rose-pink  colour  of  the  amyloid 
ones  in  a  section  stained  with  methyl  violet,  the  appearance  being  almost 
that  of  an  injected  specimen.  Even  in  the  earHer  periods  considerable 
atrophy  of  the  hepatic  cells  can  be  observed  as  a  result  of  pressure  from 
the  swollen  capillaries,  and  the  atrophic  cells  frequently  contain  fat.  In 
advanced  stages,  however,  the  cells  are  very  greatly  destroyed,  so  that 
the  hver  tissue  is  replaced  by  amyloid  substance. 

It  is  remarkable  that  with  this  great  loss  of  the  secreting  substance 
there  is  actual  increase  in  size  and  weight  of  the  liver.  It  is  not  un- 
common to  find  the  liver  weighing  two  or  three  times  the  normal.  The 
increase  m  size  is  not  proportionate  to  that  in  weight,  as  the  amyloid 
substance  is  of  greater  density  than  the  liver  tissue.  The  edges  of 
the  organ  are  rounded  and  its  consistence  elastic  and  resistant.  The 

2  s 
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surface,  and  especially  the  cut  surface,  present  a  peculiar  translucent 
Avaxy  appearance,  which  in  advanced  stages  is  highly  characteristic. 

We  have  already  seen  that  amyloid  degeneration  of  the  liver  is  part 
of  a  general  condition,  and  that  it  is  associated  with  a  similar  condition 
in  other  organs,  especially  the  spleen,  kidneys,  and  intestine.  We  also 
know  that  the  amyloid  disease  is  very  often  the  result  of  a  chronic 
tuberculosis,  and  it  not  infrequently  happens  that  miliary  tubercles 
are  to  be  found  in  the  amyloid  hver. 

ACUTE  YELLOW  ATEOPHY. 

This  is  a  disease  whose  exact  pathology  is  somewhat  obscure.  It  is 
characterized  by  a  rapid  destruction  of  the  hepatic  cells,  but  the  exact 
cause  of  this  destruction  is  doubtful.  It  is  obviously  due  to  the  action 
of  a  morbid  poison  circulating  in  the  blood,  because  changes  of  a  some- 
what similar  nature  are  met  with  in  the  epithelium  of  the  kidneys,  and 
in  the  muscular  fibre  of  the  heart  and  elsewhere.  This  view  also 
receives  some  confirmation  from  the  fact  that  in  acute  poisoning  with 
phosphorus  changes  occur  in  the  liver  and  other  organs  very  like  those 
in  the  disease  under  consideration.  In  this  regard  also  it  is  interesting 
to  observe  that  two  writers,  Waldeyer  and  Zander,  have  described  colo- 
nies of  bacteria  as  existing  in  the  liver  in  cases  of  this  disease. 

When  the  liver  is  examined  after  death  it  is  generally  found  smaller 
than  normal,  and  its  tissue  is  soit  and  flabby.    In  some  cases  it  is  of 
the  normal  size,  and  it  is  stated  that  in  the  earher  stages  it  is  even 
enlarged,  although  the  disease  is  not  fatal  during  these  periods.  The 
capsule  is  often  wrinkled  from  the  atrophy  of  the  substance  of  the 
organ,  and  the  organ  flattens  out  by  its  own  weight,  its  thickness  being 
areatly  diminished.    The  diminution  in  size  sometimes  affects  the  lett 
fobe  especially.    On  cutting  into  the  organ  the  section  shows  usually 
difi-erent  shades  of  colour.    The  predominating  tint  is  yellow,  varying 
from  the  colour  of  gamboge  to  a  dark  yellowish  brown.    Mixed  with 
this  however,  there  is  a  red  colour  forming  the  red  substance  of  Zenkei. 
Where  the  colour  is  yellow  the  tissue  is  softest,  but  the  red_  parts  are 
the  most  atrophied,  the  red  substance  arising  by  the  absorption  of  tlie 
degenerated  hepatic  cells.  _ 

On  examining  the  yellow  tissue  under  the  microscope,  it  will  haidi) 
be  recognizable  as  that  of  the  liver  (see  Fig.  255).    There  are  no  pi^p 
hepatic^ells,  but  instead,  larger  and  smaller  fat  ^-ps  -^^^^^^^^^^^^ 
debris,  and  here  and  there  rhombic  crystals  of  a  reddish-brown  colour 
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(see  figure).  Sometimes  leucine  is  found  in  ojiaque  clumi^s,  white  in 
colour  and  generally  stratified.  Acicular  crystals  of  tyrosine  are  also 
found.  The  crystals  of 
pigment,  which  resemble 
those  found  in  old  blood 
clots  in  the  brain,  may  be 
really  formed  from  the 
biliary  colouring  matter. 

The  red  substance  does 
not  present  the  abundant 
fatty  debris  ;  that  has 
been  cleared  away,  and 
there  is  now  a  fibrous 
material  visible,  merely 
sprinkled  with  fat  gran- 
ules. In  some  cases  glan- 
processes 


dular  -  lookinff 


The 
numerous 


have    been    observed,    and   ,  ^%       -From  liver  m  acute  yeUow  atrophy 

have  been  takP.T^       ^r^A;  S^t^^J^Jp:::^^^tJ^^'^--?-^^ 


have  been  taken  to  indi-  fS%Sr^¥^^¥^ 
cate   an    attempt  at  re-  ImtT'^:  I.T^''^'^''^'''''^^^^ 

INFLAMMATIONS  OF  THE  LIVER 
I.  Purulent  Hepatitis.-Aescess  of  the  liver  occurs  in  two 

fomas  the  trop.cal  and  the  pyemic  or  metastatic  abscess. 

(a)  The  tropical  abscess  is  not  met  with  in  this  country  excent  in 

persons  who  have  been  in  hot  climates,  especially  in  InL  m2 

anH  is         Tk™''°''"°"  "^^o"'^*''^  dysentery, 

and  It  IS  beheved  by  many  that  the  abscess  in  the  liver  arises  bv 
matena  bemg  carried  from  the  ulcerated  intestine  to  the  1  veT  Tht 

post-LrterCamil    onT^^^^^^  .t.^rf  »^ 

means  unifonnly  associated  wilh  ch  s  nterv    Tl  " 
admit  that  bacteria  probablv  h2  Z  7'    -11       "^"'^  ™  ""'J' 
tropical  abscess  vet  ^^  ^Z     ,  ,  <=a"sation  of  the 

predispose  tTtLrde   Jpr  t^^^^^^^^^        ''"'^'^  °^  '"^ 

body  by  other  paths  thiltCl^'  ^'^"^^  *°  '>^« 
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The  abscess  is  mostly  solitary,  and  it  may  grow  to  large  dimen- 
sions causing  great  enlargement  of  the  liver.  Having  approached 
the  surface  it  sometimes  causes  a  marked  projection  from  the  liver. 
The  capsule  being  undermined  may  undergo  necrosis,  and  the  abscess 
rupture  by  the  separation  of  the  slough.  In  this  case  the  abscess  may 
rupture  into  the  peritoneum  and  cause  fatal  peritonitis.  Or  the  capsule 
may  adhere  to  the  abdominal  wall  and  the  abscess  by  and  by  find  its 
way  to  the  surface  of  the  body,  there  to  discharge.  It  also  occasionally 
bursts  in  other  directions,  as  through  the  diaphragm  into  the  pleural  cavity, 
or  even  the  lung;  into  the  colon  or  other  part  of  the  intestine ;  or  into 
the  gall  bladder  from  which  the  pus  is  carried  into  the  duodenum.  In 
these  various  ways  the  pus  may  be  disposed  of  and  perhaps  recovery 
occur,  but  more  probably  a  wasting  discharge  from  the  cavity  of  the 
abscess  remains. 

In  other  cases  the  abscess  does  not  enlarge,  but  rather  dries  in.  A 
thick  connective  tissue  capsule  forms  around  it  like  the  wall  of  a  cyst, 
and  the  pus  thickens  to  a  cheesy  consistence.  Afterwards  the  contents 
may  become  calcareous  and  the  disease  virtually  obsolete. 

(b)  PYiEMic  ABSCESSES  are  much  more  definitely  understood  in  their 
causation  and  mode  of  formation.  They  are  undoubtedly  produced  by 
bacteria  being  carried  by  the  blood  to  the  liver  and  propagating  them- 
selves there.  Sometimes  the  abscesses  in  the  liver  are  secondary  to 
those  in  the  lungs,  the  organisms  being  carried  on  by  the  blood  aftei- 
having  developed  there.  But  there  are  cases  where  abscesses  occur  in 
the  liver  alone,  and  these  also  arise  in  connection  with  putrid  external 
wounds. 

So  long  as  it  was  supposed  that,  in  order  to  the  formation  of  such 
abscesses,  an  obstruction  of  an  artery  with  an  embolus  was  necessary, 
the  occurrence  of  such  abscesses  in  the  liver  was  obscure.  \^  e 
know,  however,  that  micro-organisms  may  be  conveyed  by  the  blood- 
vessels, and  after  passing  the  pulmonary  capillaries  be  carried  to  the 
liver  by  the  hepatic  artery,  or  even,  after  traversing  the  mtestmal 
capillaries,  by  the  portal  vein.  We  have  already  seen  that  the  cnxula- 
tion  in  the  capillaries  of  the  liver  is  peculiarly  slow,  and  it  is  probably 
for  this  reason  that  the  bacteria  so  readily  lodge  there  and  propagate. 

Abscesses  may  also  be  induced  in  cases  where  there  is  stagnation  ot 
bile  and  where  decomposition  occurs  in  the  bile,  extending  upwards 
from  the  intestine.    Such  abscesses  will  be  referred  to  afterwards.  _ 

The  bacteria  multiply  and  form  zoogloea  in  the  capillaries  and  uitei- 
lobular  veins,  passing  into  the  central  veins.    Wherever  the  colonies  ot 
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Ijacteria  extend  the  liver  tissue  undergoes  necrosis,  the  cells  lose  their 
nuclei  and  become  individually  indistinguishable.  We  have  already  seen 
that  this  arises,  not  from  the  direct  action  of  the  bacteria,  but  by  the 
chemical  products  which  are  given  ofF.  These  irritating  stuffs  also  produce 
inflammation  around,  and  there  is  here,  as  elsewhere  under  similar 
circumstances,  an  acute  suppurative  inflammation.  The  round  cells 
accumulate  around  the  necrosed  portion,  and  gradually  infiltrate  it  and 
break  it  down,  so  that  an  abscess  forms. 

The  abscess  may  be  primarily  a  small  or  a  large  one  according  as  the 
capillaries  over  a  smaller  or  larger  area  are  invaded,  but  several  abscesses 
may  ultimately  coalesce,  and  so  we  have  them  sometimes  of  very  con- 
siderable dimensions. 

The  abscesses  in  this  form  are  always  multiple.  In  accordance  with 
Avhat  has  been  stated  the  actual  abscess  is  preceded  by  a  grey  or 
yellowish  discoloration  indicating  the  existence  of  necrosis  of  the  tissue. 
There  will  be  probably  a  group  of  such  areas  corresponding  to  necrosed 
hepatic  lobules.  Ultimately  these  break  down  and  form  a  common 
abscess. 

2.  Chronic  interstitial  hepatitis  or  cirrhosis.— This  is,  for 
practical  purposes,  the  most  important  affection  of  the  liver,  at  least  in 
this  country.  We  have  to  do  here  with  a  chronic  inflammation  of  the 
interstitial  connective  tissue  of  the  organ. 

As  m  the  case  of  other  inflammations,  we  have  to  consider  here 
the  nature  of  the  irritant  which  induces  the  inflammation.  Leaving 
aside  in  the  meantime  the  case  of  syphilis,  which  will  be  taken  up  after- 
wards, it  may  be  said  that,  as  the  disease  occurs  for  the  most  part  homo- 
geneously throughout  this  organ,  the  irritant  is  contained  in  the  blood 
^circulating  in  the  Hver.  The  name  "gin  drinker's  liver,"  frequently 
applied  to  this  disease,  involves  the  view  that  alcohol  is  commonly  the 
irritant.  Alcohol  taken  frequently  in  the  form  of  undiluted  spirits  is 
beheved  to  cause  the  disease,  while  beer  and  wine  do  not.  This  is 
probably  in  most  cases  the  cause,  but  the  disease  may  originate  from 
other  kinds  of  irritation  whose  nature  is  obscure.  This  is  evident  from 
the  fact  that  it  has  been  met  with  in  young  children,  and  the  author 
has  recorded  a  case  in  which  a  typical  cirrhosis  with  the  usual  second- 
ary phenomena  occurred  in  a  cat.  The  fact  that  it  was  a  butcher's 
cat  may  indicate  that  it  indulged  in  excess  of  eating  rather  than  of 
■dnnkmg. 

It  has  been  asserted  of  recent  years  that  obstruction  of  the  bile  ducts 
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is  a  cause  of  cirrhosis,  and  a  special  form  of  "biliary  cirrhosis"  has  been 
distinguished.  The  frequent  occurrence  of  obstruction  by  gall-stones 
and  otherwise  without  any  of  the  appearances  of  cirrhosis,  however, 
rather  contradicts  this  view.  It  is  also  stated  that  tuberculosis  may 
induce  cirrhosis,  and  there  are  some  facts  which  seem  to  support  this 
view. 

In  cirrhosis  we  have  chronic  inflammation  of  the  connective  tissue  of 
the  liver,  resulting  in  new-formation  of  a  similar  tissue,  which,  like  such 
inflammatory  new-formation,  has  a  special  tendency  to  shrink.  It  will 
be  proper  to  consider  the  distribution  of  this  new-formation  and  its 
effects  on  the  hepatic  tissue  on  the  one  hand  and  the  blood-vessels  and 
ducts  on  the  other. 

The  interstitial  connective  tissue  of  the  liver  follows,  as  we  have 
seen,  the  portal  vessels,  forming  a  frame-work  in  which  are  supported 
the  portal  vein  and  its  branches,  the  hepatic  artery  and  hepatic  duct. 
The  new-formation  occurs  in  the  great  majority  of  cases  only  in  these 
regions,  that  is  to  say,  outside  the  lobules.  Cases  have  been  described, 
however,  in  which  the  new-formation  has  extended  into  the  interior  of 
the  lobules  (so-called  inter-cellular  cirrhosis),  but  this  is  exceedingly 
rare  ;  it  is  stated  to  occur  in  cases  of  syphiKs  of  the  new-bom.  As  a 
rule  the  new-formation  occurs  in  such  a  way  as  to  surround  groups  of 
lobules,  so  that  as  the  disease  progresses  the  liver  is  sub-divided  into 
larger  and  smaller  areas,  each  representing  a  set  of  lobules  surrounded 
by  "new-formed  connective  tissue  (so-called  multilobular  cirrhosis).  In 
other  cases  the  new-formation,  although  not  extending  into  the  interior 
of  the  lobules,  is  homogeneous  in  its  distribution,  occurring  wherever 
there  is  fibrillated  connective  tissue,  and  so  present  at  the  peripheries  of 
all  the  lobules  (so-called  unilobular  cirrhosis). 

In  the  earlier  stages  the  affected  connective  tissue  is  abundantly  cellu- 
lar, like  granulation  tissue,  and  the  process  of  new-formation  is  evidently 
similar  in  its  details  to  that  in  other  chronic  inflammations  (see  Fig.  256). 
Along  with  these  changes,  however,  there  are  appearances,  which  have 
received  various  interpretations.  In  many  cases  there  are  elongated 
eland-like  processes  in  the  midst  of  the  tissue  which  look  like  new- 
formed  ducts.  Some  suppose  them  to  be  ducts  in  process  of  formation 
from  the  existing  bile-ducts.  Certain  French  observers  regard  this  con- 
dition as  a  special  feature  of  "  biliary  cirrhosis,"  and  take  the  changes  in 
the  ducts  as  well  as  the  other  changes  to  be  the  result  of  obstruction 
Hamilton  has  stated  that  these  duot-like  processes  are  really  composed 
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of  hepatic  cells  which  are  in  process  of  forming  connective  tissue.  The 
most  probable  explanation  is  that  they  are  really  capillary  ducts  which 


Fig.  2oC.— Cirrhosis  of  liver  in  earlier  stage.  The  connective  tissue  is  occupied  by 
numerous  round  cells  which  are  involving  the  peripheral  parts  of  the  lobules  the 
hepatic  cells  being  here  frequently  isolated  in  the  midst  of  the  round  cells     x  75' 


have  undergone  enlargement,  and  so  have  become  prominent.  The  normal 
capillary  ducts  are  seated  inside  the  lobules  between  the  rows  of  hepatic 
cells.  We  shall  see  afterwards  that  the  hepatic  cells  undergo  great 
destruction  in  cirrhosis,  but  the  capillary  ducts  may  survive,  and  their 
epithelium  may  enlarge  so  as  to  give  them  the  appearance  of  new-formed 
ducts.  This  appearance  is  only  observed  when  the  disease  is  in  active 
progress,  and  the  connective  tissue  shows  a  cellular  character. 

If  there  were  nothing  more  than  the  new-formation  of  connective 
tissue  hitherto  mentioned,  then  the  hver  would  be  enlarged  in  this 
disease.  In  the  earlier  stages  there  is  such  enlargement,  but  the  exis- 
tence of  the  disease  is  not  generally  distinguished  in  these  stages. 
On  the  other  hand,  Charcot  and  others  have  described  a  special  form 
of  HYPERTROPHIC  CIRRHOSIS  in  which  Very  great  enlargement  of  the 
organ  occurs.  In  this  condition  the  distribution  of  the  new-formation 
is  unilobular,  and  the  appearance  of  new-formation  in  the  ducts  referred 
to  above,  is  manifest.     It  will  be  seen  that  the  names  biliary,  uni- 
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lobular,  and  hypertroj^hic  cirrhosis  are  used  to  designate  a  condition 
whose  pathological  bearings  can  hardly  be  said  to  be  fully  estab- 
lished. 

As  a  general  rule  the  new-formed  tissue  undergoes  development 
into  dense  connective  tissue  which  has  a  tendency  to  shrink.  By  its 
shrinking  it  causes  atrophy  of  the  proper  hepatic  tissue.  As  the 
cirrhosis  is  usually  multilobular  the  contracting  tissue  isolates  groups  of 
lobules  of  larger  or  smaller  size,  and  these,  consisting  of  soft  tissue, 
stand  out  somewhat  when  the  liver  is  divided,  or  present  themselves 
prominently  at  the  surface.  There  are  thus  areas  of  remaining  hepatic 
tissue  which  are  being  gradually  encroached  on  by  the  connective  tissue. 
The  atrophy  of  the  hepatic  tissue  takes  place  by  the  supply  of  blood 
being  cut  off.  By  the  contraction  of  the  new-formed  tissue  the  portal 
vessels  are  narrowed,  and  there  is  in  addition,  according  to  Ziegler, 
thickening  of  the  internal  coat  of  the  portal  vein,  an  endophlebitis 
obliterans  similar  to  the  endarteritis  obliterans  which  exists  in  cirrhosis 
of  the  kidney.  This  will  increase  the  obstruction  of  the  portal  vessels. 
The  hepatic  artery  is  not  much  affected  by  the  contracting  tissue,  and  it 
is  generally  possible  to  inject  it  with  considerable  success.  As  it  is 
the  portal  vessels  which  supply  the  proper  hepatic  capillaries,  the 
hepatic  cells  will  by  these  processes  be  deprived  of  their  nutrition, 
while,  as  the  hepatic  artery  supplies  the  connective  tissue,  the  latter 
will  be  well  nourished. 

The  consequence  of  this  is  great  destruction  of  the  hepatic  cells.  To 
a  large  extent  this  takes  place  by  fatty  degeneration,  and  one  can 
often  see,  in  the  midst  of  connective  tissue,  islands  of  remaining 
hepatic  tissue  consisting  of  little  more  than  collections  of  oil  drops  (see 
Fig.  257).  The  hepatic  tissue  is  also  commonly  stained  with  bile 
pigment  of  a  yellow  or  brown  colour,  and  this  we  may  associate  with 
obstruction  of  the  bile  ducts  by  the  contracting  connective  tissue.  For 
the  most  part  the  pigment  is  biliary,  but  it  is  also  to  some  extent  blood 
pigment  arising  from  the  obstruction  to  the  circulation.  The  con- 
nective tissue  is  also  commonly  stained,  and  to  the  naked  eye  the  cut 
surface  has  a  yellow  colour,  sometimes  with  here  and  there  quite 
an  orange  tint.  The  name  of  the  disease,  cirrhosis,  was  originally 
applied  from  the  colour  of  the  altered  organ. 

The  gall  ducts  are  for  the  most  part  structurally  unaltered.  They 
are  partially  obstructed  by  the  new-formed  tissue,  and  on  account  of 
re-absorption  of  the  bile  there  may  be  staining  of  the  tissues  and 
icterus.     In  some  cases,  as  we  have  seen,  and  especiall}^  in  hyper- 
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trophic  cirrhosis,  there  is  the  appearance  of  new-formed  bile  ducts 
already  referred  to. 


RrStare5s"^Piwf^^nnJ.!r  r  K"""^  adyancfid  stage,  showu  with  a  very  low  power.  There  are 
rn%!^n::^,^ilZ^^^^  ^ejatic  tissue  having 

The  result  of  all  these  changes  is  not  only  atrophy  but  distortion  of 
the  liver.    The  connective  tissue  contracts,  and  as  it  is  irregularly 
distributed  the  contraction  is  irregular.    The  surface  of  the  organ 
presents  larger  or  smaller  projections  consisting  of  the  less  affected 
hepatic  tissue  between  the  cicatricial  depressions.    These  projections 
may  be  comparatively  large,  forming  the  hob-nail  appearance  of  the 
siirtace,  or  they  may  be  smaller,  giving  a  generally  granular  appearance, 
ihey  are  usually  yellow  or  brown  and  opaque,  being  fatty  and  stained  with 
pigment.    Sometimes  there  is  special  shrinking  of  the  left  lobe,  and 
generally  there  is  dragging  in  of  the  edges,  so  that  the  liver  assumes 
more  of  a  compacted  form,  being  perhaps  even  thicker  than  usual,  but 
reduced  m  superficies.    It  is  dense  to  the  feeling,  and  more  tough 
to  cut  than  normal.    On  the  cut  surface  it  may  be  possible  with  the 
naked  eye  to  make  out  the  grey  connective  tissue,  with  islands  of 
opaque  or  pigmented  hepatic  tissue  in  it. 

In  hypertrophic  cirrhosis  the  liver  is  not  only  enlarged  but  smooth 
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on  the  surface.  Sometimes  it  is  adherent  to  surrounding  parts,  and 
there  may  even  be  a  fibrinous  exudation  on  the  surface.  On  section, 
also,  the  cut  surface  is  much  more  homogeneous  both  in  colour  and 
otherwise. 

Outside  the  liver  the  principal  changes  depend  on  obstruction  of  the 
portal  circulation,  which,  it  is  obvious,  must  be  very  great.  There  is 
a  chronic  passive  hyperajmia  in  all  the  radicles  of  this  vein,  in  the 
peritoneum,  in  the  mucous  membrane  of  the  stomach  and  intestine,  in 
the  spleen,  and  so  on.  The  most  frequent  consequence  is  ascites,  but  we 
also  meet  with  hsemorrhages  from  the  mucous  membrane,  especially 
of  the  stomach  and  large  intestine,  as  well  as  catarrh  of  these.  The 
spleen  is  also  enlarged. 

The  obstruction  of  the  portal  vein  often  leads  to  widening  of  the 
venous  channels  which  form  communications  between  the  portal  radicles 
and  the  systemic  veins.  In  this  way  we  may  have  great  dilatation  of 
the  internal  hsemorrhoidal  veins  (leading  to  piles)  and  of  the  hypogastric. 
The  cutaneous  branches  of  the  latter  often  stand  out  prominently  on 
the  abdominal  wall.  The  haemorrhoidal  veins  also  communicate  with 
the  vesical,  and  these  latter  may  undergo  dilatation.  There  may  also  be 
widening  of  communications  with  the  veins  of  the  diaphragm  and 
oesophagus,  which  have  sometimes  been  found  highly  varicose.  Another 
channel  occasionally  met  with  is  a  small  vein  which  runs  from  the  portal 
vein  to  the  umbilicus.  In  some  cases  this  is  so  much  enlarged  as  to 
approach  the  size  of  the  portal  vein  itself. 

The  patient  generally  dies  from  the  disorders  due  to  the  continuous 
passive  hypergemia — the  persistent  catarrh  of  the  alimentary  canal, 
perhaps  with  hsemorrhages,  the  ascites,  etc.  There  is  great  emaciation 
and  sometimes  icterus.  It  is  not  clear  that  the  mere  loss  of  the  func- 
tion of  the  liver  bears  an  important  part  in  the  fatal  result. 

3.  Perihepatitis. — This  condition  is  an  inflammation  of  the  capsule 
of  the  liver,  and  it  is  always  secondary  to  some  other  lesion.  A  chronic 
pleurisy  of  the  right  side  often  extends  through  the  diaphragm,  and 
causes  inflammation  of  the  subjacent  peritoneum,  including  the  under 
surface  of  diaphragm  and  upper  surface  of  liver,  so  that  firm  adhesion  is 
the  result.  This  is  often  the  case  in  phthisis  pulmonalis.  A  general 
chronic  or  acute  peritonitis  usually  involves  the  capsule  of  the  liver  as 
well  as  other  parts  of  the  peritoneum.  Sometimes  cirrhosis  or  syphihtic 
disease  of  the  liver  extends  to  the  capsule. 
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The  inflammation  is  in  most  cases  chronic,  and  results  in  a  thickening 
of  the  capsule.    Sometimes  there  are  shaggy  papilliform  projections 
from  the  capsule,  which  have  been  compared  to  the  pacchionian  bodies 
of  the  dura  mater.    There  is  frequently  also  adhesion  to  the  parts 
around,  especially  to  the  diaphragm.    The  thickened  capsule  undergoes 
contraction  like  the  new-formed  connective  tissue  in  other  inflamma- 
tions, and  the  result  frequently  is  considerable  deformity  of  the  liver. 
This  is  most  marked  when  there  is  a  general  inflammation  of  the  capsule 
as  m  cases  of  chronic  peritonitis.    The  capsule  contracting  all  round 
the  hver  doubles  in  its  sharp  anterior  edge,  and  causes  the  organ  to 
assume  an  approach  to  the  globular  shape.     The  contraction  causes 
also  atrophy  of  the  liver  tissue,  and  seriously  interferes  with  the  cir- 
culation m  the  organ.    This  deformity  of  the  organ  may  be  compared 
with  that  of  the  lung  Avhich  occurs  in  consequence  of  the  contraction 
of  the  pleura  m  chronic  pleurisy,  especially  with  empyema. 


SYPHILITIC  DISEASE  OE  THE  LIVER. 

_  Syphilis  manifests  itself  for  the  most  part  as  an  indurative  interstitial 
inflammation,  with  or  without  the  formation  of  gummata.  There  may 
be  a  cirrhosis  indistinguishable  from  the  ordinary  forms  of  this  disease 
and  only  judged  to  be  syphilitic  from  other  circumstances.  Sometimes 
m  the  midst  of  the  general  new-formation  of  connective  tissue  there 
coLiirn'^'''  '""'^^  distinguished  especially  by  their  caseous. 

.J^^  "^'"'^'^  To  the  naked 

eye  the  liver  is  seen  to  present  one  or  several  cicatrices  which  often 
make  deep  mdentations  in  its  surface.    These  cicatrices  are  most  fre 
quent  m  the  neighbourhood  of  the  suspensory  ligament     On  cutt  Z 
the  middle  of  the  cicatrix  a  gummatous  Lour  is  usuaj  dS 
with  Its  caseous  central  part.    The  periphery  of  the  gumma  is  not  dis 
tmctly  demarcated  from  the  surrounding  connective  tissue  rich  exten  h 

d^  7    .fr      '^^"^^^  ^^^^^  may  blfotnd^^^^^^^^ 

deeply  in  the  h  ver  tissue,  and  these  also  are  surrounded  b/cicatricial  tissue 
The  cicatrix  is  composed  of  fibrous  tissue,  and  the  gumma  iTs  f 
frequently  presents  irregular  strands  of  conne  tive  tisL 
place  to  round  cell  tissiiP      Tl..       .  connective  tissue,  but  giving 

Lrely  granular  deb  is    e:  K^  ^'^^  Pf-^  —s 

+1..  .1.  i^ig.  25b}.    Sometimes  at  the  perinherv  of 

the  gumma  there  is  great  dilatation  of  blood-vessels  Jvh.TTZ 
cavernous  appearance.  '  ''^^^^^  ^ 
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AVhen  there  are  a  considerable  number  of  gummata,  the  cirrhosis 
may  be  nearly  continuous,  but  with  special  cicatricial  contractions  at 


Fig.  258.-Gumma  of  liver,  a,  normal  hepatic  lobules  ;  b,  recent  tissue  f  ™^ j;^^ 
dilated  blood-vessels  ;  c,  caseous  part  of  gumma ;  d,  d,  d,  connective  tissue  outside  gumma 
extending  into  the  hepatic  tissue.    X  16. 

intervals  corresponding  to  the  gummata.  The  liver  in  this  way  may 
assume  a  very  striking  appearance,  as  if  subdivided  into  manifold  small 
lobes.  Be  the  cicatrices  large  or  small  in  number,  the  lobed  and  sub- 
divided condition  is  characteristic  of  the  syphilitic  hver. 

The  liver  is  sometimes  found  affected  in  infants  Avho  are  the  subjects 
of  CONGENITAL  SYPHILIS.  It  may  be  a  general  induration  forming  a 
cirrhosis,  usually  of  the  hypertrophic  form,  with  perhaps  numerous  small 
crummata ;  or  the  induration  may  be  more  localized,  but  never  witH 
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that  cicatricial  condition  which  we  find  in  acquired  syphilis.  The  con- 
nective tissue  formation  in  this  case  does  not  confine  itself  to  the 
neighbourhood  of  the  portal  vessels,  but  extends  into  the  lobules,  so 
that  between  the  cells  and  around  the  capillaries  there  is  connective 
tissue. 


TUBERCULOSIS  OF  THE  LIVER. 

In  ACUTE  MILIARY  TUBERCULOSIS  the  liver  is  almost  without  excep- 
tion the  seat  of  myriads  of  minute  tubercles  which  are  usually  invisible 
to  the  naked  eye.  In  phthisis  pulmonalis  examination  very  often 
shows  the  presence  of  tubercles  in  the  hver,  but  much  more  sparsely 
distributed,  and  often  associated  with  fatty  infiltration 

The  tubercles  are  situated  in  the  connective  tissue,  and  are  therefore 
outside  the  lobules.  They  present  (Fig.  259)  the  usual  constituents  ; 
round  cells  with  large 

giant  cells  in  their  more  ^r^^^^S^^^r^^^^-^^^ 
central  parts.  Very  often 
the  central  parts  are  al- 
ready caseous,  or  in  more 
acute  cases  they  may  be 
affected  by  a  more  ordi-  ^ 
nary  fatty  degeneration  J^" 
Avith  distinct  refracting 
oil  drops. 

Along  with  the  erup- 
tion of  tubercles  there  is 
some  interstitial  inflam- 
mation aff'ecting  the  con- 
nective tissue,    and  evi-  ,  Fig-  259.-Tubercle  of  liver  from  i  on.,  nf  . 

clenced  by  the  presence  ?f^^SS^^::S££s£B^iB 
ot  round  cells,  but  in 

acute  miliary  tuberculosis  this  is  not  usually  considerable. 

ditifnt"  vl'""      ^^^berculosis  we  sometimes  meet  with  a  con- 

nodules  are  distinctly  visible  to  fbp  r^.V.A  innammation.  The 

large  as  ijeas     Th/u  sometimes  are  as 

smtll  cires  mat  r  r  T  T  "       ''''''''  ^^''^  - 

may  result.    Cases  have  also  been  described  in  which 
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large  solitary  caseous  tubercles  have  occurred,  like  the  scrofulous  tuber- 
cles of  the  brain,  but  all  these  forms  are  exceedingly  rare. 


TUMOUES  OF  THE  LIVER. 

Primary  tumours  of  the  liver  are  not  very  common,  but  secondary 
forms,  especially  cancers,  are  frequent. 

Cavernous  Angioma  of  the  liver  is  the  commonest  form  of  primarj- 
tumour.     Its  structure  has  already  been  described  (see  p.  200).  It 

develops  apparently  by 
^^^^^^^S^^^^tj.^  dilatation  of  the  existing 

capillaries  and  atrophy  of 
the  intervening  hepatic 
cells.  Subsequently  the 
walls  of  the  capillaries  be- 
come thickened  by  new- 
formation  of  connective 
tissue  and  converted  into 
the  trabeculse  of  the  cav- 

Fig.  260.— Angioma  of  liver,    x  90.  emOUS  tumOUr  (Fig.  260). 

Hence  it  is  that  the  tumour  replaces  a  certain  portion  of  hepatic  tissue. 
When  seated  immediately  under  the  capsule  the  tumours  are  visible  as 
red  blotches,  and  on  section  they  have  a  red  colour  and  collapsed  ap- 
pearance, and  usually  it  is  only  after  the  blood  is  washed  out  that  the 
white  trabeculse  become  visible.  The  tumours  present  great  varieties 
of  size  and  may  be  as  large  as  the  fist. 

A  case  has  been  described  by  Ziegler  of  multiple  Fibroneuroma  in 
the  liver  on  the  fibres  of  the  sympathetic,  there  being  similar  tumours 
on  the  various  nerves  of  the  body  except  the  olfactory  and  optic. 

Concerning  Adenoma  of  the  liver  there  is  considerable  variety  in 
statement  and  opinion,  mainly  because  on  the  one  hand  this  form  of 
tumour  is  rare,  and  on  the  other  there  are  tumours  concerning  which  it 
is  difficult  to  say  whether  they  should  be  called  cancers  or  adenomas. 
There  is  one  form  of  adenoma  about  which  there  is  not  much  doubt ; 
it  is  that  already  mentioned  in  the  general  section.  It  is  sometimes 
designated  nodular  hyperplasia,  and  occurs  as  solitary  or  multiple 
tumours  which,  while  perfectly  defined,  have  the  same  structure  as  the 
proper  hepatic  tissue,  the  cells  being  usually  larger  and  some  havmg 
double  nuclei.    If  single  they  may  reach  the  size  of  a  cherry  or  larger ; 
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if  multiple  they  are  smaller.  The  larger  ones  are  sometimes  surrounded 
by  a  connective  tissue  capsule.  These  tumours  are  of  no  practical  con- 
sequence and  are  met  with  accidentally.  They  are  not  uncommon  in 
the'  liver  of  the  dog. 

Another  form  sometimes  called  tubular  adenoma  is  described,  in 
which,  while  the  individual  cells  are  like  those  of  the  liver,  they  are 
arranged  not  in  groups  like  the  acini  of  the  liver,  but  rather  in 
gland-like  masses,  which  have  been  compared  to  the  convoluted 
tubules  of  the  kidney.  It  is  clear  from  the  epithehal  character  of  these 
glandular  masses  that  the  structure  approximates  to  that  of  cancer,  and 
indeed  some  of  these  cases  can  hardly  be  distinguished  from  cases  of 
<!ancer.  The  adenoma  may  grow  to  a  considerable  size,  while  secondary 
tumours  develop  in  the  hepatic  tissue  around.  This  latter  fact  again 
suggests  cancer,  and  an  observation  by  Professor  Greenfield  in  which 
tumours  formed  by  metastasis  in  the  lungs  is  still  more  suggestive 
According  to  some  the  glandular  processes  grow  from  the  liver  cells 
while  others  hold  that  they  sprout  out  from  the  bile  ducts. 

Primary  Cancer  of  the  liver  is  of  rare  occurrence,  and  yet  several 
varieties  are  described.    The  cancer  may^be  in  the  form  of  several 
small  tumours,  or  a  large  growth  infiltrating  a  considerable  portion 
of  the  hver.      The   structure   resembles  that  of   tubular  glands 
but  less  regularly  formed  than  in  the  case  of  the  adenoma,  and  more 
interpenetrating  among  the  proper  hepatic  tissue.     Another  form 
has  been  described  in  which  the  cancer  originates  in  the  bile  ducts  and 
the  cancerous  processes  have  at  first  their  seat  in  the  connective  tissue 
accompanying  the  portal  vessels,  etc.    There  are  in  this  form  numerous 
tumours  which  follow  the  portal  distribution.    They  may  cause  ob 
st„  of  the  ducts  and  the  formation  of  cysts  with^ZtainTd  con 


Secondary  Cancer  is  exceedingly  frequent  in  connection  with 
primary  cancer  of  the  stomach,  pancreas  and  large  intestine,  but  Tt  oc^rs 

case  of  these  last-mentioned  localities  the  metastasis  is  produced  by 
the  way  of  the  hepatic  artery,  while  in  the  other  case  it  is  by  ttrporta^ 
vein.    We  shall  afterwards  discuss  in  a  separate  section  the  sXe'ct  o 
the  secondary  extension  of  cancers  of  the  abdomen  ^ 

In  the  great  majority  of  cases  the  primary  seat  of  the  cancer  is  the 
•stomach,  and  next  to  that  it  is  the  large  intestine,  and  the  secondaj 
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tumours  arise  by  pieces  of  active  cancerous  tissue  being  carried  to  the 
liver  by  the  portal  vein.  We  shall  see  afterwards  that  there  is  reason 
to  believe  that,  in  some  cases  at  least,  the  cancerous  material  does  not 
come  directly  from  the  primary  tumour.  As  the  cancer  is  sown  in 
every  part  of  the  liver,  the  consequence  is  the  development  of  numerous 
tumours  which  may  be  found  in  all  stages  of  growth. 

It  is  usual  to  find  a  large  number  of  isolated  tumours  of  circular 
form  and  pale  colour  (see  Fig.  261).     They  are  seated  in  the  liver 

tissue,  but  those  near  the 
surface  produce  rounded 
elevations  of  it  which  can 
often  be  felt  through  the 
abdominal  pari etes  during 
life.  Even  to  the  naked 
eye  the  tumours  show 
evidences  of  fatty  degene- 
ration in  the  appearance 
of  opaque  yellow  colora- 
tion. The  absorption  of 
the  degenerated  cells  is 
also  indicated  by  the  par- 
tial contraction  of  the 
larger  tumours  in  their 
central  parts,  producing 
in  the  superficial  ones  a 
dimpling  or  umbilica- 
TION  of  the  rounded  projections.  The  liver,  as  a  whole,  is  sometimes 
enormously  enlarged,  weighing  not  infrequently  as  much  as  ten  or 
twelve  pounds. 

In  some  cases  the  new-formation  is  not  so  much  in  the  form  of  m- 
dividual  tumours  as  a  general  CANCEROUS  INFILTRATION,  as  if  almost 
throughout  the  liver  a  simultaneous  development  had  occurred,  and  the 
cancerous  tissue  had  grown  vigorously,  displacing  the  proper  hepatic 
tissue. 

In  structure  the  tumours  follow  the  primary  ones.  For  the  most 
part  it  is  soft  cancers  of  the  stomach  that  form  the  original  tumours, 
and  we  have  a  well-formed  stroma  with  irregular  masses  of  epithelial 
cells.  But  sometimes  the  primary  tumour  is  an  epithelioma,  and  in 
that  case  the  tumours  in  the  liver  are  usually  fewer  in  number,  firmer 
and  more  distinctly  defined.    When  the  primary  tumour  is  in  such  a 


Fig.  261.— Piece  of  liver  with  secondary  cancerous  tumours 
in  it.  A  larger  one,  a,  is  viewed  from  the  surface.  Another 
large  one,  b,  in  section.  There  are  several  smaUer  tumours,  c, 
c.    d,  a  vein  in  section.  (Virchow). 
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position  that  the  cancer  reaches  the  liver  by  the  hepatic  artery,  the 
tumours  are  usually  smaller  in  size  and  the  liver  not  so  much  enlarged. 
This  Avas  at  least  very  strikingly  true  in  a  case  seen  by  the  author 
where  the  primary  tumour  was  in  the  mamma. 

_    The  cancerous  material  as  it  is  brought  by  the  blood-vessels  develops 
mside  them,  and  particularly  in  the  portal  vessels.    It  seems  also  that 
the  tumour  to  a  large  extent  develops  by  growing  inside  the  capil- 
laries, although  also  in  the  spaces  in  the  connective  tissue.  The 
consequence  of  this  great  new-formation  in  the  vessels  is  atrophy  of  the 
.     hepatic  cells.    These  are  often  to  be  seen  at  the  peripheral  parts  of  the 
tumours  arranged  in  concentric  layers  as  the  pressure  is  exercised,  and 
they  undergo  atrophy.    It  is  asserted  by  several  authors  that  the  can- 
cerous tissue  sometimes  develops  directly  from  the  tissue  of  the  liver 
.     arising  argely  by  a  transformation  of  the  latter.    This  is  supposed  to 
be  effected  by  the  influence  of  some  infective  material  brought  from  the 
primary  tumour,  which  induces  the  hepatic  tissue  to  undergo  this 
peculiar  change.    This  view,  however,  stands  in  need  of  confirmation. 

Ihe  hepatic  cells  are  often  deeply  stained  with  bile,  and  it  is  cHnic- 
ally  of  importance  that  the  whole  white  structures  of  the  body  are 
usually  jaundiced.  This  implies  that  the  di^ts  are  obstructed,  and  the 
biliary  colouring  matter  absorbed  into  the  circulation.  The  numerous 
developing  tumours  press  on  the  bile  ducts  and  obstruct  them,  and 

por  al  vessels,  and  are,  m  the  first  place,  related  to  them     As  the 
it  :  T'''^''  neighbourhood  of  these  vessels,  tht  r 

liable  to  be  pressed  on  very  soon.    The  hepatic  cells  are  frequentlv 

The  portal  vessels  suffer  obstruction,  not  only  by  the  pressure  of 
we  meet  with  ascites  as  a  common  result. 

Sarcoma  is  of  occasional  occurrence  in  the  liver  in  fh.     ■  ii 
celled  and  pigmented  form.     Q  f  ^  spindle- 


2  T 


658      DISEASES  OF  THE  LIVER,  PANCREAS,  AND  PERITONEUM. 


PAEASITES  OF  THE  LIVEE. 

These  have  already  been  somewhat  fully  described.  The  most  im- 
portant constitutes  the  hydatids  of  the  liver  arising  from  the  taenia 
echinococcus.  When  the  liver  is  examined  after  death  there  is  found  a 
sac  or  sacs  of  very  various  size,  up  to  that  of  a  man's  head.  The  larger 
ones  produce  necessarily  great  enlargement  of  the  liver  as  a  whole,  and 
atrophy  of  the  hepatic  tissue  around  them.  They  present  first  a  connective 
tissue  capsule,  inside  which  the  proper  wall  of  the  cyst  appears.  As 
the  vesicles  are  sometimes  much  broken  down,  and  it  may  even  be 
difficult  to  find  booklets,  it  is  important  to  remember  that  the  proper 
cuticula  of  the  cyst  is  lamellated  (Fig.  146,  p.  285).  Sometimes  the  con- 
tents of  the  cyst,  after  the  death  of  the  parasite,  form  a  fatty  athero- 
matous or  mortary  material  in  the  midst  of  which  pieces  of  this 
chitinous  membrane  may  be  found  with  its  characteristic  lamellation. 
The  multilocular  and  exogenous  forms  of  hydatids  are  to  be  remembered, 
the  former  resembling  colloid  cancer  in  its  general  appearance.  Flukes 
do  not  frequently  occur  in  the  human  liver,  yet  they  have  been  ob- 
served (see  p.  273). 


B.— THE  BILE  DUCTS  AND  GALL  BLADDER. 

Gall-stones.— As  gall-stones  not  infrequently  form  the  primary 
cause  of  further  disease  of  the  bile  ducts,  we  may  begin  our  description 
with  them.  They  are  of  very  frequent  occurrence,  especially  in  people 
past  middle  life,  and  they  are  often  found  in  the  gall-bladder  after 
death  without  their  existence  having  been  suspected  during  life. 

The  cause  of  their  formation  is  very  obscure.  They  are  formed  m 
the  gall-bladder  by  the  deposition  of  the  constituents  of  the  bile, 
chiefly  cholestearine  and  next  to  that  bile  pigments,  but  also  lime  and 
magnesia  salts  in  varying  proportions.  Probably  stagnation  of  the 
bile  in  the  gall-bladder  at  least  predisposes  to  their  formation,  and 
this  is  rendered  the  more  probable  from  their  more  frequent  occur- 
rence in  old  people  where  the  actions  are  sluggish.  In  the  centre  of 
gall-stones  there  is  frequently  a  nucleus  composed  of  remams  of  epi- 
thelium or  mucus. 
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Gall-stones  occur  singly  or  in  numbers.    The  single  gall-stones 
are  commonly  composed  almost  purely  of  cholestearine,  of  which  there 
may  be  over  98  per  cent.    They  are  oval  in  shape,  somewhat  nodulated 
on  the  surface,  and  have  a  glistening  appearance,  altogether  not  unlike 
that  of  a  sugar  plum.   When  divided  or  broken  they  present  a  character- 
istic radiating  appearance  from  the  centre,  and  also  sometimes  a  con- 
centric stratification.     The  broken  surface  has  the  same  glistenino- 
appearance  as  the  outer  surface,  and  distinct  scales  can  be  separated*' 
The  stone  is  very  light  in  weight,  floats  in  water,  and  has  a  soft  almost 
•    soapy  feehng. 

Multiple  Gall-stones  are  more  frequent,  and  although  sometimes 
nearly  pure,  they  are  more  frequently  composed  of  cholestearine  mixed 
with  bile  pigment  and  lime  salts.    There  may  be  two  or  three  but 
they  may  be  present  in  large  numbers,  fifty,  a  hundred,  or  several 
hundreds.    If  few  they  may  be  comparatively  large,  but  if  numerous 
they  are  small,  the  bladder  sometimes  having  the  appearance  of  a  bag 
fiUed  with  peas.    The  multiple  stones  are  always  facetted,  taking  their 
shape  according  as  there  is  room,  and  fitting  into  each  other    In  an 
pearance  they  have  been  compared  to  the  macerated  carpal  bones 
having  somewhat  similar  facets,  and  often  p|,esenting  a  similar  greyish 
colour,  although  sometimes  yellow,  brown,  or  even  black.    They  are 
very  light  m  weight,  and  on  section  present  little  of  the  glistenino-  an 
pearance  or  radiating  arrangements  of  the  single  ones,  being  rather 
stratified,  more  deeply  pigmented  strata  alternating  with  less 

Gall-stones  are  sometimes  met  with  which  are  composed  almost 
entirely  of  bile-pigment.    They  are  small  and  nearly  black,  and  oTcu 
n  considerable  numbers  at  a  time.    They  are  very  rare.  SonltTme 

^^^i^-:^^-^' carborti: 

s^L!:.^— '  and  the  calculi  sur^ndtd  ^i:^^::^ 

On  the  other  hand  a  gall-stone  often  passes  into  the  cystic  dnct 
where  .t  may  remain  for  a  time  and  obstruct  it.     After  a  t  me 

^ IrriT  t'™'"^  f°''""'"''-    ^"^^       part  of'th"  d J 

denum,  but  very  ~nlyTC?n7nnl\t        f  ""t 
»Wio,  and  -etimesftuWesl^lr;:r^^^^^^^^ 
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inflammation  of  this  serous  membrane.  Lying  at  the  mouth  of  the  duc- 
tus communis  it  obstructs  the  outflow  of  bile  and  produces  the  resuhs 
to  be  presently  described.  When  it  gets  into  the  duodenum  it  usually 
passes  off  with  the  f feces,  but  if  large,  it  may  produce  obstruction  of  the 
intestine  at  some  point.  This  is  of  rare  occurrence,  and  only  in  the 
case  of  large  stones,  chiefly  of  the  solitary  kind. 

Obstruction  of  the  bile  ducts  and  its  results.  Obstruction 
occurs  from  various  causes,  of  which  the  commonest  is  that  just  con- 
sidered, namely,  gall-stones.  Inflammation  of  the  ducts  sometimes 
produces  obstruction,  the  inflammation  being  nearly  ahvays  secondary. 
It  occurs  most  frequently  at  the  terminal  portion  of  the  ductus  com- 
munis from  prolongation  of  catarrh  from  the  stomach  and  duodenum. 
As  the  duct  here  is  narrow  a  trivial  inflammatory  swelling  may  produce 
an  obstruction,  which  the  bile,  possessing  a  low  pressure,  is  unable 
to  overcome.  Then  gall-stones  themselves  may  produce  inflammation, 
leading  to  a  more  or  less  prolonged  closure  of  the  ducts.  We  shall  see 
afterwards  that  inflammation  is  not  infrequently  a  consequence  of 
obstruction,  and  these  two  should  not  be  confounded.  TuMOURS  and 
inflammations  AROUND  the  duct  may  cause  obstruction.  This  is  not 
infrequently  the  case  with  cancers  where  the  head  of  the  pancreas 
or  the  lymphatic  glands  in  the  portal  region  of  the  liver  are  engaged. 
We  have  already  seen  that  an  obstruction  of  the  hepatic  ducts  in  the 
substance  of  the  liver  occurs  in  cancer  of  the  liver,  in  cirrhosis,  etc. 

The  RESULTS  OF  OBSTRUCTION  vary  according  to  the  site  of  the 
obstruction. 

If  the  CYSTIC  DUCT  ALONE  be  obstructed  then  the  consequence  is 
that  no  bile  can  get  into  the  gall-bladder.  In  that  case  the  bladder  may 
shrink,  and  any  mucus  in  it  dry  in  and  perhaps  afterwards  become 
chalky.  In  many  cases,  however,  there  is  an  abundant  secretion 
of  mucus,  and  the  bladder  gets  filled  with  it.  The  mucus  often 
after  a  time  gives  way  to  a  more  fluid  secretion,  and  the  bladder  may 
be  converted  into  a  thin-walled  cyst,  which  may  be  as  large  as  the  fist, 
with  clear  fluid  contents.  When  the  gall-bladder  is  thus  cut  off  and  J 
no  longer  available  as  a  store  for  the  bile,  there  sometimes  occurs  aj- 
dilatation  of  the  larger  bile  ducts,  so  that  the  bile  may  lie  here  msteacU 
of  in  the  gall-bladder,  and  pass  into  the  duodenum  during  digestionj 
This  constitutes  an  imperfect  compensation  for  the  loss  of  the  gallj 

bladder.  ,  J 

In  the  case  of  obstruction  of  the  ductus  choledochus,  theie  m 
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of  course  stagnation  both  in  the  gall-bladder  and  in  the  whole  system  of 
bile  ducts.  The  stagnation  tells  first  on  the  gall  bladder,  which  dilates 
readily  and  stores  up  the  bile.  There  may  even  be  rupture  of  the  gall- 
bladder from  excessive  dilatation.  If  the  obstruction  be  prolonged 
great  dilatation  occurs  throughout  the  whole  system,  and  serious 
changes  frequently  result  in  the  liver  itself. 

Next  to  the  gall-bladder  the  ductus  choledochus  and  the  larger  bile 
ducts,  which  are  not  supported  by  the  firm  hver  tissue,  are  most  liable 
to  dilate.    This  dilatation  may  be  very  extreme,  these  ducts  becoming 
■   sometimes  as  great  in  external  size  as  the  thumb,  and  sometimes  even 
going  on  to  rupture. 

ftrst,  but  if  prolonged  it  may  lead  to  serious  dilatation  afterwards  The 

^tZ         T  P™P^^„''''P^''"  ^'''ining  of  it  with  the  hile 

P  »ment.    The  hepatic  cells  assume  a  deep  yellow  colour,  most  marked 

b  le  duct .     In  these  the  bile  pigment  is  often  deposited  in  the 

hrst  blown,  may,  after  the  tissue  has  been  in  alcohol  or  other  fluid 
become  ^een.  These  conditions  indicate  th..  re-absorption  of  the  bile 
and  this  IS  also  manifested  in  the  staining  of  all  the  tissues  of  the  body 
forming  a  general  jaundice.  The  absorbed  biliary  colonrin.  matter  is 
often  deposited  in  the  nriniferous  tubules  of  the  kidney,  pre°sumli;  in 
the  process  of  excretion.  '  piesumaoiy  in 

Sometimes  considerable  atrophy  of  the  proper  tissue  of  the  liver 
occurs,  and  we  have  the  smaller  bile  ducts  dilated  and  forming  numerou 
Jh   :  "V""""  This  probably  doef  noH  cu 

tTon  so  I^Thr"?  "  '"^  --">P-"-l  hy  'Icera- 

as  bile.  ^  inflammatory  products  as  well 

_  There  is  sometimes  even  a  more  definite  acute  inflammation  of  tbp 
b  le  ducts  apparently  from  decomposition  of  the  bile,  and  This  Z  lead 
to  what  may  be  called  biliary  abscesses  wb.Vh      t  ^ 

rri^e  a'n^:"~ 

the  Hver,  producing  cirrhosis  of  thery;roXtnr""^^  """^ 
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Tumours  of  the  bile  ducts  and  gall-bladder.  Of  these  the 
most  important  are  the  cancers.  We  sometimes  meet  with  primary- 
cancer  of  the  gall-bladder  resembling  in  structure  cancer  of  the  stomach 
and  intestine.  By  extension  it  may  largely  involve  the  liver  tissue. 
We  have  already  seen  that  some  of  the  cancers  of  the  liver  probaljly 
take  origin  in  the  finer  bile  ducts  in  its  substance. 


C— THE  PANCREAS. 

In  some  aspects  the  diseases  of  the  pancreas  are  not  of  very  great 
practical  importance.  Although  the  secretion  of  the  gland  is  knoAvn 
to  have  important  functions  in  the  digestion  of  food,  the  starches, 
albuminates,  and  fats  being  all  affected  by  it,  yet  lesions  of  the  gland 
which  destroy  its  functions  seem  to  be  compensated  by  the  other 
secretions  of  the  alimentary  canal.  On  the  other  hand,  the  diseases  of 
this  organ,  and  especially  cancers,  may  affect  neighbouring  structures,] 
and  cause  serious  disturbances  around. 

The  pancreas  has  the  structure  of  a  salivary  gland,  consisting 
of  glandular  acini  whose  ducts  communicate  with  a  main  duct  lying  in] 
the  centre  of  the  gland  (Wirsung's  duct)  and  opening  into  the  duodenum^ 
in  common  with  the  ductus  choledochus. 

The  pancreas  is  occasionally  the  seat  of  hemorrhages  into  its  sul 
stance.  These  may  be  the  result  of  injuries  to  the  abdominal  wall 
the  consequence  of  passive  hypersemia  in  diseases  of  the  heart,  lungs 
liver.  Some  cases  of  sudden  death  have  been  recorded  by  Zenker, 
Hooper  and  Klebs,  in  which  the  most  obvious  lesion  was  haemor- 
rhage into  the  substance  of  this  gland.  It  is  supposed  that  the  lesion 
caused  pressure  on  the  neighbouring  coeliac  plexus  and  semilunar 
ganglion  and  a  consequent  reflex  paralysis  of  the  heart,  just  as  paralysis 
of  the  heart  is  producible  by  blows  on  the  abdomen  (Goltz's  experi- 
ment). 

Inflammations  of  the  pancreas  are  of  various  kinds.  We  have 
suppurative  pancreatitis  like  suppurative  parotitis,  resulting  in  abscesses; 
also  indurative  interstitial  inflammation  with  loss  of  gland  tissue,  this 
condition  being  sometimes  of  syphilitic  origin. 
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Atrophy  of  the  pancreas  is  observed  often  as  a  part  of  general 
emaciation,  but  it  has  been  found  in  a  good  many  cases  of  dia- 
betes mellitus.  It  can  hardly  be  held  that  the  destruction  of  the 
function  of  the  pancreas  is  the  cause  of  the  diabetes,  and  the  probability 
is  that,  as  Klebs  suggests,  the  primary  condition  is  disease  of  the  coeliac 
plexus  causing  vaso-motor  paralysis  (see  p.  69). 

Fatty  Infiltration  of  the  pancreas  is  one  of  the  commonest  lesions 
of  this  gland.  There  is  normally  some  adipose  tissue  in  the  midst  of 
■  the  gland,  and  this  sometimes  undergoes  considerable  increase,  the 
proper  glandular  substance  becoming  atrophied,  and  adipose  tissue 
takmg  its  place,  the  shape  and  general  appearance  of  the  gland  being 
preserved.  The  condition  may  be  part  of  a  general  obesity,  or  it  may 
occur  in  old  age,  and,  in  this  latter  case,  it  may  be  presumed  that 
atrophy  of  the  glandular  tissue  is  the  first  condition,  the  adipose  tissue 
developing  afterwards,  as  in  fatty  infiltration  of  voluntary  muscle. 

The  glandular  structure  sometimes  undergoes  cloudy  swelling  in 
common  with  that  of  the  liver  and  other  organs  in  the  acute  fevers 
Fatty  degeneration  is  also  met  with. 

Tuberculosis  is  not  common  in  the  p^increas,  but  we  meet  with 
caseous  masses  having  the  characters  of  a  l5cal  tuberculosis.    More  fre 
quently  the  pancreas  is  involved  secondarily  in  a  tuberculosis  arisino-  in 
neighbourmg  lymphatic  glands. 

Of  the  tumours  of  the  pancreas  cancer  is  by  far  the  most  impor- 
tant.   It  occurs  most  frequently  in  the  head,  rarely  in  the  body  or  tail 
It  IS  mostly  a  dense  tumour  of  fibrous  appearance  (scirrhus),  but  cases 
ot  soft  and  of  colloid  cancer  have  been  seen.    The  cancer  often  pro- 
duces   obstruction    of    Wirsung's    duct,    or   produces    still  more 
serious  results   by  obstructing  the   ductus   choledochus.     It  may 
even  by  its  retraction  cause  a  partial  obstruction  of  the  duodenum 
ihere  may  arise  in  this  way  considerable  disturbances  from  the  contin' 
uous  extension  of  the  tumour.    We  may  also  have  secondary  tumours 
m  lymphatic  glands,  hver  or  peritoneum.    It  is  to  be  added  that  can 
cers  of  the  stomach  or  duodenum  may  extend  to  the  pancreas,  and  that 
the  gland  may  be  the  seat  of  metastatic  tumours  when  the  d  sease  be 
comes  generalized.  disease  be- 

mlt'/^'''"''"^"''  (Wirsung's)  is  liable  to  certain  changes 

Concretions  occur  m  It,  comparable  to  those  of  the  salivary  gland  * 
They  are  mostly  round  or  oval  and  white  or  greyish  white.    ?n  si.e 
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they  have  been  met  with  as  large  as  a  hazel  nut  or  larger,  hut  they  arc 
usually  small  like  grains  of  sand.  They  are  composed  chiefly  of  car- 
bonate and  phosphate  of  lime.  They  very  often  arise  in  dilated  ducts, 
but  if  large  may  cause  dilatation  by  obstructing  the  duct. 

Obstruction  and  dilatation  of  Wirsung's  canal  may  arise,  as  we 
have  seen,  from  calculi,  cancers  of  the  head  of  the  pancreas,  or  from 
tumours  in  the  neighbourhood.  Dilatation  also  occurs  secondarily  to 
atrophy  of  the  gland.  The  dilated  duct  forms  a  series  of  pouches,  or 
else  there  is  a  more  definitely  localized  dilatation  so  that  actual  cysts 
are  formed.  This  latter  will  occur  when  the  orifice  is  completely 
obstructed ;  the  cysts  may  reach  the  size  of  the  fist  or  that  of  a  child's 
head,  and  these  are  sometimes  designated  RANULA  PANCREATICA.  The 
contents  of  the  dilated  duct  may  be  simply  the  fluid  secretion,  but 
sometimes  there  is  thickening  of  the  contents  and  even  haemorrhage. 
In  this  way  we  may  have  coagula  causing  the  cysts  to  look  like  aneur- 
isms, all  the  more  as  the  lining  of  the  cyst  may  become  the  seat  of 
calcareous  plates  like  the  internal  coat  of  an  artery  in  aneurism. 


D.— THE  PERITONEUM. 


Introductory.— The  peritoneum  which  is  stretched  over  so  many 
different  organs,  and  has  so  many  recesses  and  pouches,  is  very  Hable  to 
be  affected  by  diseases  having  their  source  outside  itself. 

It  is  necessary  here  to  make  some  reference  to  the  general  relations 
of  the  peritoneal  sac.  It  is  a  large  lymph  sac  and  fluid  is  continuously 
circulating  through  it.  The  surface  of  the  membrane  is  covered  with 
endothelium,  and  there  are  innumerable  apertures  or  stomata  by  which 
it  communicates  with  lymphatic  vessels  beneath.  It  is  proved  by  ex- 
periment that  finely  divided  soHd  material  introduced  into  the  peri- 
toneal cavity  is  very  readily  absorbed  and  carried  into  the  lymphatics. 
The  transudation  fluid  which  normally  passes  out  of  the  blood-vessels  is 
doubtless  absorbed  by  the  stomata  throughout  the  peritoneum,  but 
there  are  two  locaHties  in  which  its  absorption  presents  pomts  of 

peculiar  interest.  . 

From  certain  facts  to  be  afterwards  referred  to  m  connection  with 
tuberculosis  and  cancer  of  the  peritoneum,  it  may  be  inferred  that  the 
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GREAT  OMENTUM  is  specially  concerned  in  the  process  of  absorption. 
This  double  layer  of  peritoneum  lying  free  in  the  cavity  may  be  re- 
garded as  A  DRAIN  by  means  of  which  the  fluid  is  drawn  off. 

The  relation  of  the  diaphragm  to  the  process  of  absorption  is  also 
important,  and  has  already  been  referred  to  in  considering  the  subject  of 
acute  pleurisy.  The  lymphatics  of  the  diaphragm  communicate  on  the 
one  hand  Avith  the  peritoneal  sac  and  on  the  other  with  the  pleura,  so 
that  fluid  and  finely  divided  solids  may  be  carried  through  from  one  to 
the  other.  It  is  probable  that  the  general  course  of  the  current  is  from 
peritoneum  to  pleura,  although  it  may  be  reversed. 

It  is  very  important  to  bear  in  mind  this  great  power  of  absorption 
possessed  by  the  peritoneum,  especially  in  relation  to  septic  processes. 
The  products  of  septic  decomposition  as  well  as  the  organisms  which 
produce  these  changes  may  be  absorbed,  and  that  sometimes  in  such 
quantity  as  to  produce  fatal  results  before  they  have  had  time  to  induce 
any  considerable  local  effects.  Hence  it  is  that  septic  processes  in  the 
peritoneum  are  so  serious  and  lead  so  commonly  to  septicaemia. 

The  fluid  in  the  peritoneal  sac  is  not  at  rest,  but  circulates,  and  the 
movements  of  the  intestines  doubtless  have  to  do  with  its  transportation 
from  place  to  place.  This  fact  is  also  of  great  importance,  because  we 
shall  find  that  when  any  pathogenic  agent^is  introduced  into  the  peri- 
toneal cavity  it  is  generally  carried  to  every  part  of  the  sac  and  produces 
its  effects  in  every  region.  Abundant  examples  of  this  are  afforded  by 
tuberculosis  of  the  peritoneum,  inflammations,  and  so  on. 


DISORDERS  OF  THE  CIRCULATION  IN  THE  PERITONEUM. 

Active  Hyper.emia  of  the  peritoneum  is  not  a  condition  of  much 
practical  importance.  It  is  produced  when  from  any  cause  a  general 
relaxation  of  the  arteries  in  the  sac  occurs.  Leaving  inflammation  out 
of  account,  this  will  hardly  occur  except  as  a  result  of  sudden  removal 
of  extra  pressure  from  these  vessels.  If  a  large  ovarian  tumour  be  re- 
moved from  the  abdomen,  or  ascitic  fluid  drawn  off,  the  arteries,  which 
have  previously  accommodated  themselves  to  the  undue  pressure  on 
their  walls,  will  relax,  and  a  hypersemia  result.  The  hyperemia  may 
result  in  the  occurrence  of  a  peculiar  form  of  chronic  hemorrhagic  peri- 
tonitis, comparable  with  haemorrhagic  pachymeningitis  (see  p.  477), 
the  effused  blood  being  here  also  sometimes  a  prominent  feature  (hema- 
toma OF  THE  peritoneum).  As  in  the  other  case  it  may  be  a  question 
whether  there  is  an  inflammation  preliminary  to  the  haemorrhage,  or 
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whether  the  hypersemia  induces  bleeding,  the  succeeding  organization  of 
the  clot  leading  to  the  formation  of  a  membranous  layer  on  its  surface. 
Where  ascitic  fluid  has  been  drawn  off  many  times,  there  may  be  several 
layers  of  soft  membrane  on  the  surface  of  the  peritoneum,  the  innermost 
being  the  most  delicate  and  the  newest. 

Passive  Hyperj^mia  occurs  as  a  result  of  obstruction  to  the  portal 
circulation  either  alone  or  as  part  of  a  general  venous  hypersemia.  It 
is  chiefly  important  in  relation  to  ascites,  of  which  it  is  the  most 
frequent  cause. 

Ascites. — This  name  is  given  to  dropsy  of  the  peritoneal  cavity, 
and  it  occurs  as  the  result  either  of  excessive  transudation  of  fluid  from 
the  blood-vessels,  or  diminished  absorption  by  the  lymphatics. 

It  is  sometimes  merely  a  part  of  a  general  oedema,  occurring  in 
diseases  of  the  heart  and  lungs,  in  Bright's  disease,  and  in  anemic  states. 
But  it  is  peculiarly  prone  to  occur  when  the  portal  circulation  is 
specially  obstructed.  This  may  happen  by  the  portal  vein  being  the 
seat  of  thrombosis,  or  pressed  on  from  without,  but  more  frequently  it 
is  by  some  lesion  in  the  liver  itself,  such  as  cirrhosis  or  cancer,  which 
obstructs  the  portal  vessels,  as  it  were,  in  detail. 

In  these  cases  the  ascites  is  from  increased  transudation,  and  it  is 
much  less  common  to  have  it  occurring  from  interference  with  absorp- 
tion. This  may  have  something  to  do  with  it,  however,  in  cases  of 
cancer  of  the  peritoneum,  where  the  numerous  cancerous  tumours 
originate  from  material  carried  into  the  lymphatic  channels  and  grow- 
ing there.  These  tumours  will  necessarily  obstruct  the  lymphatics  to  a 
large  extent  in  detail,  although  they  may  also  produce  by  their  irritation 
a  hyperemia  of  the  peritoneal  vessels.  In  a  similar  way  the  dropsy  of 
tuberculosis  of  the  peritoneum,  although  mainly  inflammatory,  may  to 
some  extent  be  referred  to  obstruction  of  the  paths  of  absorption. 

Ascites  is  of  occasional  occurrence  in  connection  with  obstruction 
OF  THE  THORACIC  DUCT  by  tumours,  aneurisms,  thrombosis,  etc.,  mter- 
fering  with  the  duct  or  with  the  vein  into  which  the  duct  opens.  If 
the  obstruction  be  complete  there  is  great  distension  of  the  duct  and  its 
radicles  below  the  seat  of  obstruction.  Occasionally  an  actual  rupture 
occurs,  and  the  chylous  fluid  passes  into  the  pleural  or  the  peritoneal 
cavity.  The  fluid  is  in  this  case  a  whitish  milky  material,  and  we  have 
the  conditions  named  respectively,  chylous  hydrothorax  and  chylous 
ASCITES.  The  fluid  contains  abundant  leucocytes  in  which  are  fat 
granules. 
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The  fluid  in  ascites  is  contained  in  the  general  sac  of  the  peritoneum, 
but  where  adhesions  have  previously  existed  it  may  be  confined  to 
particular  parts,  and  sacculated.  Sometimes  also,  in  children,  there  is 
a  dropsy  between  the  folds  of  the  omentum. 

The  character  of  the  fluid  in  ascites  is  that  of  ordinary  transuda- 
tions, a  clear,  slightly  yellow,  limpid  fluid  of  low  specific  gravity. 
After  it  has  stood  for  a  time  it  often  deposits  a  very  gelatinous  coagulum 
of  fibrine.    In  some  cases  the  fluid  is  slightly  milky  (chylous  ascites). 

In  prolonged  ascites  the  peritoneum  is  apt  to  get  somewhat  thick- 
ened, especially  when  puncture  has  been  frequently  performed.  The 
great  omentum  is  not  infrequently  gathered  up  so  as  to  be  thicker  and 
shorter  than  usual,  and  in  that  case  it  will  act  less  eflaciently  as  a  drain. 

INFLAMMATIONS  OF  THE  PERITONEUM.— PERITONITIS. 

Inflammation  of  the  peritoneum  is  very  seldom  spontaneous  in  its 
origin.  It  seems  remarkable  that,  compared  with  the  pleura  or  peri- 
cardium, this  membrane  is  so  seldom  the  seat  of  independent 
inflammation  as  a  result,  for  instance,  of  the  irritation  of  the  blood 
in  acute  rheumatism,  or  of  the  more  vague  causes  of  irritation  desig- 
nated as  cold.  ^! 

The  peritoneum  is,  however,  peculiarl}'-  liable  to  inflammation  of  a 
secondary  character,  the  irritant  proceeding  either  from  without  as  in 
wounds  of  the  abdomen,  or  from  one  of  the  organs  lying  beneath  the 
membrane. 

Mere  exposure  to  the  air  or  the  entrance  of  air  into  the  abdominal 
cavity  does  not  induce  peritonitis,  and  even  a  somewhat  prolonged 
cooHng  of  the  membrane,  as  during  an  operation,  does  not  seem  to 
lead  to  inflammation. 

Most  of  the  INFLAMMATIONS  of  the  .peritoneum  are  septic,  that  is  to 
say,  they  are  due  to  the  presence  and  propagation  of  bacteria,  usually 
in  the  form  of  micrococci,  and  the  irritating  chemical  products  which 
result.  Those  who  are  famihar  with  the  manner  in  which  bacteria 
propagate  in  suitable  fluids  will  not  be  astonished  that  a  limited  inocu- 
lation of  septic  material  produces  a  very  rapid  propagation  in  the 
peritoneum.  The  conditions  are  here  peculiarly  favourable  to  this. 
The  movements  of  the  intestine  and  the  normal  circulation  of  the  peri- 
toneal fluid  carry  the  septic  particles  hither  and  thither,  so  that  they  are 
sown  over  an  extensive  surface,  and  supplied  with  nutritive  material. 
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The  warmth  of  the  cavity  also  favours  their  propagation.  So  it  happens 
that  in  comparatively  few  hours  we  may  have  an  intense  inflammation, 
or  we  may  have,  as  already  stated,  such  an  absorption  as  to  cause  death 
by  septicaemia  before  considerable  inflammation  can  develop. 

The  septic  inoculation  may  take  place  by  a  wound  in  the  abdomen, 
made  by  accident  or  by  an  operation.  More  frequently  the  source  is  an 
underlying  organ,  as  the  stomach,  or  intestine,  or  the  uterus  after 
delivery.  In  regard  to  the  last-mentioned  source,  acute  peritonitis  is 
often  a  special  feature  in  puerperal  fever,  and  as  this  disease  occurs  in 
epidemics  and  is  highly  contagious,  we  must  infer  that  there  is  some- 
thing specific  in  the  organism  which  causes  it. 

The  septic  inflammations  partake  of  the  character  of  similar  inflam- 
mations in  the  pericardium  and  pleura.  They  are  pre-eminently  acute, 
and  tend  rapidly  towards  suppuration.  At  first  there  is  hypersemia 
and  a  serous  and  fibrinous  exudation.  The  exuded  fibrine  is  visible  on 
free  surfaces  as  a  soft  yellow  layer,  and  is  often  present  in  the  fluid  as 
yellow  flakes.  It  glues  together  surfaces  which  are  in  contact,  such  as 
the  loops  of  the  intestine,  but  the  adhesions  are  not  firm  ;  they  can  be 
readily  se23arated,  and  the  gluing  material  is  seen  to  have  a  soft  gelatin- 
ous character.  As  the  inflammation  goes  on,  the  fibrinous  exudation, 
which  from  the  first  contains  very  numerous  leucoc3^tes  and  is 
correspondingly  soft,  becomes  still  more  infiltrated  with  these,  and 
assumes  the  characters  of  pus.  Pus  may  be  found  in  some  parts,  while 
in  others  there  is  still  the  soft  fibrinous  exudation.  Thus  pus  may 
be  found  in  the  neighbourhood  of  the  original  source  of  the  inflamma- 
tion, as  around  the  vermiform  appendage,  the  inflammation  being  here 
more  intense  or  of  longer  standing.  The  pus,  and  even  any  free 
fibrine  that  may  exist,  commonly  gravitate  to  dependent  parts,  and 
we  may  find  a  collection  of  yellow  pus  in  the  pelvis,  and  especially 
in  Douglas's  pouch. 

The  peritoneum  presents  in  its  finer  details  changes  similar  to  those 
in  septic  pleurisy  and  pericarditis.  The  endotheKal  cells  are  separated, 
and  the  connective  tissue  opened  out  by  serous  fluid  and  leucocytes. 
The  underlying  tissues  are  also  altered,  especially  the  wall  of  the 
intestine.  The  subserous,  muscular,  and  mucous  coats  are  often 
oedematous  and  thickened.  There  is  not  infrequently  considerable 
tympanitic  distension  of  the  intestine  from  paralysis  of  its  muscular 
coat.  This  meteorism  is  sometimes  a  pecuHarly  distressing  feature  in 
puerperal  fever. 

It  will  be  inferred  that  septic  peritonitis,  if  general,  is  almost  neces- 


CHRONIC  PERITONITIS. 


669 


sarily  fatal.  Sometimes  it  is  localized  by  adhesions,  and  even  after 
the  occurrence  of  suppuration  may  subside  and  give  place  to  chronic 
inflammation. 

Chronic  peritonitis,  whether  developing  out  of  the  acute  form  or 
occurring  in  connection  with  disease  in  an  underlying  organ,  is  charac- 
terized by  new-formation  of  connective  tissue,  frequently  with  adhesion 
of  opposing  surfaces.  The  details  of  this  process  are  similar  to  those 
in  chronic  pleurisy,  etc.  ;  it  remains  here  to  specify  some  of  the  more 
common  occasions  of  the  aff'ection. 

A  diflrise  chronic  peritonitis  sometimes  develops  in  the  course  of 
Bright's  disease.  There  is  also  commonly,  in  cases  of  secondary  cancer 
of  the  peritoneum,  a  general  chronic  peritonitis. 

Local  thickenings  of  the  capsule  of  the  hver  and  spleen  are  of 
frequent  occurrence  in  connection  with  diseases  in  these  organs  or  their 
neighbourhood.  Sometimes  the  connective  tissue  is  hard,  almost  like 
cartilage.  Very  commonly  there  is  adhesion  to  the  parts  around,  espe- 
cially to  the  diaphragm.  On  the  other  hand,  the  diaphragm  may  be 
adherent  by  reason  of  the  extension  of  an  inflammation  from  the  pleura, 
the  irritant  having  passed  downwards  in  a  direction  contrary  to  that  of 
the  usual  circulation. 

The  peritoneum  around  the  female  generative  organs  is  liable  to 
very  frequent  local  chronic  inflammations  (perimetritis),  resulting  in 
complex  adhesions  and  mattings  of  the  pelvic  organs.  The  contraction 
of  the  new-formed  connective  tissue  may  cause  considerable  distortion 
of  these  organs. 


TUBEECULOSIS  OF  THE  PERITONEUM. 

Tubercular  Peritonitis.— This  disease  is  usually  a  primary  and 
independent  one,  due  to  the  existence  of  the  tubercular  virus  in  the 
peritoneal  cavity.  It  may  seem  at  first  sight  remarkable  that  tubercular 
ulcers  of  the  intestine  hardly  ever  give  rise  to  a  general  tuberculosis 
of  the  peritoneum.  We  have  seen  that  in  connection  with  these  ulcers 
tubercles  are  formed  in  the  muscular  coat  and  very  commonly  beneath 
or  in  the  peritoneum,  and  it  might  seem  probable  that  the  virus  would 
get  readily  into  the  peritoneal  cavity.  But  it  is  to  be  remembered 
that  the  lymph  circulation  is  from  the  surface  of  the  peritoneal 
cavity  into  the  substance  of  the  membrane,  and  that  the  normal 
currents  will  not  carry  the  virus  into  the  sac.    Whether  this  be  the 


670      DISEASES  OF  THE  LIVER,  PANCREAS,  AND  PERITONEUM. 


true  explanation  or  not,  it  is  rare  for  tubercular  ulcers  to  produce 
tuberculosis. 

In  tubercular  peritonitis  the  virus  gets  into  the  sac,  and  is  carried 
hither  and  thither  throughout  it  by  the  regular  circulation.    The  conse- 
quence is  the  formation  of  innumerable  tubercular  nodules  and  an 
inflammation  of  the  peritoneum.    It  is  not  clear,  hoAvever,  in  most 
cases,  how  the  virus  gets  into  the  peritoneum.     In  a  few  cases 
the  tuberculosis  of  the  peritoneum  has  obviously  had   its  origin 
in  a  local  tuberculosis  of   the  testis  and  vas  deferens,  and  has 
begun  in  the  inguinal  region  where  the  vas  deferens  approaches  the 
peritoneum.    But  in  the  majority  of  cases  no  such  source  of  infection 
can  be  found,  and  although  commonly  the  person  is  in  a  state  of  ill 
health  before  the  tuberculosis  begins  to  manifest  itself,  and  may  have 
scrofulous  tubercular  manifestations  elsewhere,  yet  the  disease  may 
supervene  in  persons  apparently  healthy  and  robust.    We  can  only 
say  that  the  formation  of  tubercles  in  every  part  of  the  peritoneum, 
and  the  fact   that  by  reason  of  the  communications  through  the 
diaphragm  they  also  spring  up  in  the  pleura,  are  sufficient  evidences 
of  the  existence  of  an  infective  material  in  the  peritoneal  cavity. 

When  a  case  of  tubercular  peritonitis  is  examined  post  mortem,  we 
find  evidences  of  chronic  inflammation  in  the  form  of  thickening  of  the 
peritoneum  and  multiplied  vascular  adhesions  in  every  part.  The  loops 
of  the  intestine  are  adherent  to  each  other,  and  the  superficial  ones 
to  the  anterior  wall  of  the  abdomen,  the  omentum  is  adherent  to 
the  intestine,  the  liver  to  the  diaphragm,  and  so  on.  In  the  midst 
of  these  adhesions  are  numerous  yellow  masses  of  very  various  sizes, 
some  as  large  as  split-peas,  and  usually  flat.  These  caseous  masses  are 
composed  of  groups  of  tubercles  which  have  very  much  the  character  of 
those  found  in  tubercular  pericarditis.  The  caseous  tubercles  have 
developed  in  the  usual  way  out  of  grey  mihary  tubercles,  and  ex- 
amination will  usually  show  examples  in  the  various  intermediate 
stages. 

The  condition  of  the  omentum  is  worthy  of  special  mention.  It  is 
drawn  together  and  thickened,  and  closely  adherent  to  the  intestine 
and  wall  of  the  abdomen,  while  in  its  substance  numerous  tubercular 
masses  are  to  be  found. 

All  these  conditions  indicate  a  chronic  inflammation,  accompanied  as 
usual  by  the  new-formation  of  vascular  connective  tissue  with  con- 
sequent adhesion.  The  yellow  caseous  masses  are  collections  of 
tubercles  mostly  obsolete,  just  as  the  caseous  tubercles  of  the  bram 
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are  ;  and  here,  as  there,  we  may  find  recent  tubercles  at  the  margins  of 
the  caseous  masses. 

While  this  is  the  usual  condition  found  after  death  there  is  reason 
to  believe  that  the  inflammation  in  the  earlier  stages  is  more  acute. 
There  is  often  at  first  considerable  accumulation  of  serous  exudation  in 
the  abdomen.  This  is  by  and  by  for  the  most  part  absorbed,  giving 
place  to  adhesive  inflammation,  but  often  there  is  serous  fluid  among 
the  adhesions,  and  during  life  the  hand  on  the  abdomen  may  sometimes 
enable  one  to  detect  the  movement  of  fluid  from  space  to  space  among 
the  adhesions.  The  disease  may  be  recovered  from  in  these  earlier  stages, 
the  virus  being  apparently  overcome  by  the  reinvigorated  forces  of  the 
body.  On  the  other  hand  the  inflammation  produced  is  sometimes 
more  acute  than  usual,  and  in  rare  cases  may  be  fibrinous  and  sup- 
purative. 

It  has  already  been  mentioned  that  tubercular  pleurisy  often  de- 
velops in  association  with  tubercular  peritonitis.  There  is  in  the  pleura 
for  the  most  part  a  serous  exudation,  and  as  the  eruption  is  usually  re- 
cent the  tubercles  are  in  the  form  of  small  white  or  grey  nodules. 
They  are  commonly  grouped  mainly  in  the  lower  part  of  the  pleural 
cavity,  in  this  way  indicating  the  source  of  the  infective  material. 

Tuberculosis  of  the  peritoneum  is  sometimes  met  with  in  ACUTE 
MILIARY  TUBERCULOSIS,  but  it  is  not  frequent,  and  the  appearances 
are  altogether  different  to  those  of  tubercular  peritonitis.  In  the  case 
of  general  tuberculosis  the  virus  is  in  the  blood,  and  the  tubercles  de- 
velop in  connection  with  the  blood-vessels  and  not  specially  on  the 
surface.  Besides,  the  disease  proves  fatal  so  soon  that  there  is  not 
time  for  the  occurrence  of  adhesive  inflammation  or  the  development  of 
groups  of  tubercles.  The  tubercles  are  very  small  grey  nodules  hardly 
visible  to  the  naked  eye  and  specially  abundant  in  the  upper  part  of 
the  abdomen  and  omentum. 

TUMOUES  OF  THE  PERITONEUM. 

These  are  rarely  primary.  Several  cases  of  retroperitoneal 
SARCOMA  have  been  described  in  which  a  tumour  of  very  large  size  has 
formed  and  distended  the  abdominal  cavity. 

Sometimes  we  meet  with  bulky  gelatinous  tumours  in  the  abdomen, 
and  the  recognition  of  the  exact  nature  of  some  of  them  is  matter  of 
considerable  difficulty.     Colloid  cancer  of  the  stomach  and  intestine 
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not  infrequently,  as  we  shall  see  afterwards,  passes  on  till  it  reaches 
the  peritoneum,  and  may  result  in  the  formation  of  bulky  gelatinous 
masses  there.  But,  besides  that,  there  are  primary  tumours  of  the 
peritoneum  which  belong  to  the  class  of  cylindroma  or  plexiform 
ANGIOSAKCOMA.  In  these  cases  there  is  a  new-formation  of  blood- 
vessels in  whose  adventitia  is  produced  a  peculiar  gelatinous  tissue. 
These  tumours  may  attain  a  large  size,  weighing  as  much  as  forty 
pounds. 

Secondary  cancer  of  the  peritoneum  will  be  considered  in  the 
next  section  more  fully  and  need  not  be  taken  up  here. 

Lympho-sarcoma  is  not  such  a  common  tumour  here  as  in  the 
mediastinum,  but  it  sometimes  originates  in  the  lymphatic  glands  of  the 
mesentery  and  involves  all  the  neighbouring  structures.  We  may  thus 
have  bulky  tumours  occupying  the  place  of  a  portion  of  the  mesentery 
and  intestine,  and  repeating  roughly  the  anatomical  relations  of  these. 


THE  SECONDAEY  EXTENSION  OF  CANCERS  OF  THE 
ABDOMINAL  OEGANS. 

We  have  seen  in  the  study  of  the  diseases  of  the  stomach  and  intes- 
tine that  the  cancers  of  these  organs  very  often  lead  to  secondary 
tumours  in  the  liver  and  peritoneum,  and  it  may  be  well  to  consider 
here  more  systematically  what  paths  the  infective  material  follows  m 
passing  from  the  primary  tumour  to  the  seat  of  the  secondary  growths. 

The  Secondary  Growths  in  the  Liver,  in  the  case  of  cancers  of 
the  organs  mentioned,  form  in  connection  with  the  portal  vessels,  and 
there  is  no  doubt  that  the  material  is  brought  to  the  liver  through  the 
portal  vein  from  its  radicles.  But  the  question  remams,  how  does 
the  cancerous  material  find  its  way  into  the  radicles  of  the  portal 
vein  ^  We  know  that,  as  a  rule,  in  external  cancers  the  secondary 
tumours  occur  uniformly  in  the  lymphatic  glands,  and  it  is  only  after 
these  have  been  long  involved  that  the  cancerous  material  reaches  the 
blood  We  have  to  inquire  whether  the  alimentary  canal  is  m  this 
regard  placed  in  any  different  position  to  external  organs  or  whether 
any  other  explanation  may  be  practicable.  ,  ,      ^  -l 

For  one  thing,  we  find  in  almost  all  cases  of  cancer  of  the  stomacli 
the  lymphatic  glands  near  it  involved.  They  are  the  seat  of  cancerous 
growth,  although  perhaps  not  very  large.  This  raises  the  question  whether, 
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after  all,  the  real  course  of  events  in  the  abdomen  is  not,  first,  metas- 
tasis to  the  lymphatic  glands  and  then  from  the  glands  into  the  radicles 
of  the  portal  vein.  In  that  case  the  formation  of  tumours  in  the  liver 
would  be  an  occurrence  comparable  to  the  generalization  of  external 
cancers,  where  the  blood  becomes  the  vehicle  of  infection  and  tumours 
spring  up  all  over  the  body,  the  material  being  carried  by  the  systemic 
arteries.  The  tumours  in  the  lymphatic  glands  would  thus  be  the 
secondary  and  those  in  the  liver  really  tertiary. 

Supposing  this  view  to  be  correct,  then  it  follows  that  if  a  cancer  of 
the  stomach  or  intestine  causes  secondary  growths  in  lymphatic  glands 
whose  veins  are  not  radicles  of  the  portal,  the  tumours  of  the  tertiary- 
order  would  not  be  in  the  liver  but  in  the  lungs,  or  beyond  the  lungs, 
in  organs  fed  by  the  systemic  arteries. 

The  author  met  with  a  case  of  cancer  of  the  stomach  in  which,  in- 
stead of  the  glands  immediately  outside  its  wall  as  is  usually  the  case, 
the  pre-vertebral  glands  were  enlarged  and  cancerous.    One  of  these 
was  adherent  to  the  wall  of  the  inferior  vena  cava,  and  on  opening  this 
vein  a  little  white  thrombus  was  seen  peeping  out  of  a  small  branch 
which  emerged  from  the  enlarged  gland  into  the  vein.   There  were  can- 
cerous thrombi  in  other  veins  within  these  glands,  and  on  microscopic 
examination  it  was  found  that  the  cancerous  tissue  in  the  glands  had 
largely  broken  up  the  veins,  and  epithelial  cells  were  found  in  them 
along  with  the  blood.    In  this  case  there  were  innumerable  cancerous 
embolisms  in  the  lungs.    Fig.  235,  p.  562,  shows  a  section  of  the  lung 
with  two  arteries  completely  occluded  with  solid  material,  and  with  a 
high  power  cancer  cells  could  be  seen  in  these  vessels.    As  shown  in 
the  figure,  and  the  one  following  it,  there  were  outside  the  arteries  well- 
formed  epithehal  processes  apparently  inside  the  lymphatic  spaces. 

This  case  would  seem  to  indicate  that  cancers  in  lymphatic  glands 
may,  by  breaking  up  the  gland,  penetrate  into  the  venous  radicles  in 
the  gland,  and  so  pass  into  the  general  circulation.  It  seems  a  legitimate 
inference  from  this  exceptional  case  that  when  the  liver  becomes  in- 
volved in  cancer  of  the  alimentary  canal,  it  does  so  by  the  portal  blood 
becoming  infected  through  the  lymphatic  glands. 

There  remains  one  possible  difficulty  in  the  way  of  accepting 
this  view.  In  external  cancers  it  is  exceptional  for  the  general  circula- 
tion to  become  infected.  The  disease  generally  ends  by  infecting  the 
lymphatic  glands,  whereas  in  cancers  of  the  abdominal  organs  the  liver 
is  aff-ected  in  a  large  proportion  of  the  cases.  But  this  difficulty  also  is 
hardly  insurmountable.    A  person  with  a  cancer  of  the  mamma,  let  us 
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say,  very  commonly  dies  from  the  ulceration  of  the  primary  or  secondary 
growth,  or  of  both.  The  lymphatic  glands  of  the  axilla  being  situated 
externally,  are  liable  to  ulceration,  and  the  patient  usually  dies  before 
the  infection  has  reached  the  general  circulation.  In  the  case  of 
abdominal  cancers,  however,  the  organs  themselves,  and  especially 
the  lymphatic  glands,  are  protected  by  their  position,  and  the  cancers 
are  not  so  apt  to  interfere  with  the  general  health  as  external  cancers 
are.  If  the  history  of  even  an  extensively  ulcerating  cancer  of  the 
stomach  be  compared  with  that  of  a  cancer  of  the  mamma,  the  difference 
will  be  very  apparent.  If  the  cancer  of  the  stomach  does  not  produce 
vomiting  or  stricture  of  the  pylorus,  there  may  be  for  a  long  period 
very  little  disturbance  of  the  general  health,  and  little  more  than 
symptoms  of  dyspepsia.  It  seems  probable,  from  the  history  of  some 
cases,  that  a  cancer  of  the  stomach  may  go  on  for  many  years  without 
causing  death.  The  abdominal  lymphatic  glands  are  still  more  pro- 
tected. They  practically  never  ulcerate,  and  in  relation  to  direct  injury 
to  health  cancer  in  them  is  of  little  account. 

It  seems  probable,  then,  that  in  cases  where  the  liver  is  affected  the 
disease  is  of  much  longer  duration  in  its  primary  seat  than  is  often 
suspected.  Cases  of  multiple  cancer  of  the  liver  are  often  examined 
after  death,  in  which  no  suspicion  has  existed  during  life  of  the  exist, 
ence  of  a  primary  tumour  in  the  stomach,  and  this  tumour  may  possibly 
have  been  going  on  for  a  period  whose  duration  cannot  in  any  way  be 
gathered. 

It  is  not  to  be  inferred  that  the  portal  blood  is  infected  only  in  the 
way  indicated.  It  is  possible  that  a  cancer  may  make  its  way  through 
the  walls  of  the  veins  directly,  just  as  an  external  cancer  sometimes 
penetrates  a  vein. 

We  have  now  to  consider  the  case  of  cancerous  infection  of  the 
PERITONEUM  by  extension  of  cancer  from  the  abdominal  organs.  The 
seat  of  the  cancer  may  be  any  of  the  abdominal  organs ;  the  perito- 
neum becomes  infected  when  the  cancerous  material  finds  its  way  mto 
the  cavity. 

There  are  some  cancers  which  have  comparatively  little  tendency  to 
extend  along  the  lymphatics  to  the  glands,  but  prefer  to  insinuate  them- 
selves among  neighbouring  structures,  and  advance  by  continuity 
of  tissue  This  applies  especially  to  colloid  cancer,  which  often  grows 
throu-h  the  wall  of  the  stomach  or  intestine,  while  the  glands  are 
hardly  at  all  affected.    We  can  understand  that  a  cancer  with  such 
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a  rigid  stroma  as  this  form  has,  and  with  cells  which  so  readily  swell  up 
and  become  transformed,  will  not  readily  allow  of  transportation  of  its 
elements.  But  this  form  of  cancer  very  readily,  after  growing  through  the 
wall  of  the  stomach  or  intestine,  infects  the  peritoneum,  and  there  is  no 
form  of  cancer  which,  in  such  a  large  proportion  of  cases,  produces 
secondary  tumours  there. 

The  cancers  of  the  ovary  being  already  very  close  to  the  peritoneum, 
readily  produce  cancerous  infection,  and  do  so  in  almost  every  form  of 
cancer.  Cancers  of  the  pancreas  also  frequently  have  a  similar  course 
for  the  same  reason.  The  ordinary  cancers  of  the  alimentary  canal 
more  rarely  pass  through  the  walls  and  infect  the  peritoneum,  but  they 
sometimes  do.  It  is  besides  not  uncommon  to  meet  with  secondary 
cancers  of  the  liver  which  have  produced  an  infection  of  the  peri- 
toneum, some  of  the  tumours  of  the  liver  having  reached  the  surface 
and  extended  through  the  capsule. 

When  the  cancerous  material  gets  into  the  peritoneum  it  is  carried 
throughout  it  by  the  circulating  fluid,  aided  by  the  movements  of  the 
intestine,  and  secondary  cancerous  tumours  commonly  spring  up  in  the 
most  diverse  regions  (Fig.  262).    It  is  to  be  remembered  that  in  the 


Fig.  262.-Disseminated  cancer  of  the  peritoneum,  from  cancer  of  the  stomach.  (Virchow.) 

peritoneum  there  are  innumerable  open  stomata  ready  to  absorb  any 
finely  divided  solid  matter  that  may  be  suspended  in  the  peritoneal  fluid 
The  infective  material  will  therefore  be  carried  from  the  surface  into 
the  substance  of  the  peritoneum,  or  into  the  subperitoneal  tissue,  and 
the  resultmg  tumours  may  even  be  subperitoneal.  They  form  usually 
flat  growths  with  smooth  surface,  the  general  surface  of  the  peritoneum 
bemg  perhaps  unbroken.    Not  infrequently  the  tumours  are  continuous 
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with  one  another  in  some  parts  of  the  abdominal  wall,  a  layer  of 
cancerous  tissue  appearing  like  a  subperitoneal  thickening. 

The  GREAT  OMENTUM  is  somewhat  peculiarly  situated  in  this  regard. 
We  have  seen  that  it  probably  acts  as  a  kind  of  drain  in  the  peritoneal 
cavity,  and  if  this  be  the  case  it  will  specially  absorb  any  material 
which  gets  into  the  cavity.  In  accordance  with  this  there  is  usually  in 
cancer  of  the  peritoneum  great  new-formation  in  the  omentum.  In 
colloid  cancer  it  sometimes  assumes  the  form  of  a  bulky  heavy  mass, 
and  in  other  forms  we  have  it  gathered  up  and  converted  into  a  solid 
tumour  lying  transversely  in  the  abdomen.  We  may  venture  the  state- 
ment that  this  fact  is  too  little  known  among  physicians,  and  that  a 
great  omentum  thus  altered  is  frequently  taken  during  Kfe  for  an  en- 
largement of  the  liver,  or  a  primary  tumour  of  some  obscure  kind. 

The  relation  of  peritoneal  cancers  to  the  diaphragm  presents  some 
points  of  interest.  AVe  have  seen  that  the  diaphragmatic  lymphatics 
communicate  with  the  peritoneal  sac  on  the  one  hand,  and  the  pleural 
sac  on  the  other.  In  peritoneal  cancers  the  diaphragm  is  usually 
permeated  with  cancerous  growths,  and  these  are  often  in  the  form 
of  cords  as  if  following  the  course  of  the  lymphatics.  Through  time 
they  extend  to  the  pleural  surface,  and  tumours  may  appear  there.  If 
there  are  no  pleural  adhesions  in  this  region  the  infective  material 
passes  into  the  pleural  cavity,  and  numerous  tumours  are  often  found, 
especially  in  the  lower  parts  of  the  pleura.  A  pre-existing  adhesion  of 
the  diaphragm  to  the  lung  prevents  this  extension  of  the  cancer. 
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A.— THE  KIDNEYS  AND  URETERS. 

ORMAL  Structure  and  Function. — In  studying  the  diseases  of 
the  kidneys,  it  is  necessary  to  bear  constantly  in  mind  the  general 
facts  as  to  their  structure,  otherwise  the  examination  of  the  organs  will 
lead  to  confusion.  The  functions  of  the  kidney  must  also  be  understood 
in  their  outlines  in  order  to  a  comprehension  of  the  changes  wrought 
by  disease. 

When  a  microscopic  section  of  the  kidney,  made  so  as  to  include  both 
the  cortical  and  pyramidal  substance,  is  examined,  the  contrast  between 
these  two  regions  is  sufficiently  striking  in  respect  that  in  the  cortical 
substance  the  uriniferous  tubules  have  a  markedly  irregular  and  con- 
voluted course.  If  attention  be  now  confined  to  the  cortex  alone,  as  in 
the  figure  263,  it  will  be  seen  that  convoluted  tubules  are  not  the  only 
kind  present.  There  are  straight  tubules  prolonged  up  from  the  pyramids 
in  the  form  of  tapering  bundles  (a)  between  which  lie  convoluted  tubules 
(b).  These  tapering  bundles,  called  medullary  rays,  or  pyramids  of  Ferrein, 
do  not  reach  the  surface,  the  most  superficial  part  of  the  cortex  present- 
ing a  continuous  layer  of  convoluted  tubules.  In  this  way  the  deeper 
parts  of  the  cortex  present  a  regular  division  into  alternating  areas  of 
straight  tubules  or  medullary  rays,  and  convoluted  tubules. 

Among  the  convoluted  tubules  lie  the  Malpighian  capsules  (e  in 
figure).  These  occur  somewhat  frequently,  and  at  tolerably  regular 
intervals. 

In  addition  to  these  arrangements  of  the  tubules,  the  blood-vessels 
must  receive  attention.  The  larger  arteries,  as  shown  (d  in  figure),  run 
between  pyramids  and  cortex,  and  send  up  stems  given  oflF  at  right 
angles  into  the  cortex.     These  pass  at  intervals  into  the  region  of 


678  DISEASES  OF  THE  URINARY  ORGANS. 

convoluted  tubules,  and  as  they  ascend  they  give  off  lateral  branches  to 
the  Malpighian  tufts.    It  will  thus  appear  that  the  areas  of  convoluted 


Fig.  263.— Section  of  normal  kidney  including  cortex  and  base  of  pyi-amid  with  a 
very  low  magnifying  power,  a,  medullary  rays ;  h,  convoluted  tubules  ;  c,  region 
of  arterias  rectaj  in  pyramids  ;  d,  larger  vessels  running  between  pyramid  and 
cortex ;  e,  Malpighian  tufts  ;  /,  capsule,    x  12. 

tubules  are  also  the  areas  of  the  ascending  arteries  (which  are  also  called 
interlobular  arteries)  and  Malpighian  tufts.  In  the  Malpighian  capsule 
the  afferent  vessel  breaks  up  into  a  congeries  of  capillary  vessels,  called 
the  tuft.  These  gather  together  to  form  the  efferent  vessel,  which 
again  breaks  up  into  capillaries  which  surround  the  tubules  Avith  a  rich 
network. 
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We  have  seen  that  the  large  arteries  which  run  between  the  pyra- 
mids and  the  cortex  give  off  the  ascending  or  interlobular  arteries  to 
the  cortex.  They  also  give  off  arterial  branches  downwards  to  the 
pyramids.  These  arteries  break  up  into  bunches  of  straight  arterioles 
(arteriiB  rectte,  c  in  figure)  which  are  increased  by  branches  coming  down 
from  the  afferent  vessels  in  the  deeper  parts  of  the  cortex.  These  bunches 
of  arterioles  taper  as  they  pass  down  the  pyramids  so  that  they  form 
small  pyramids  with  their  bases  towards  the  cortex.  They  correspond 
in  position  with  the  areas  of  convoluted  tubules,  which  areas  they,  as  it 
were,  prolong  down  into  the  pyramids. 

In  the  normal  kidney  all  these 
arrangements  are  very  regular, 
and  as  in  disease  there  is  apt  to 
be  dislocation  of  the  various  struc- 
tures in  a  high  degree,  it  is  impor- 
tant to  become  familiar  with  the 
normal  aj)pearances.  Even  with 
the  naked  eye  the  various  regions 
indicated  above  may  usually  be 
made  out  to  some  extent  in  the 
normal  kidney.  There  is  first  the 
distinction  of  pyramids  and  cor- 
tex, and,  normally,  the  bases  of 
the  pyramids  are  strictly  demar- 
cated from  the  cortical  substance. 
Then  a  more  careful  examination 
brings  out  in  the  cortex  the  medul- 
lary rays,  as  prolongations  upwards 
of  the  pyramids.  Alternating  with 
these  are  the  more  irregular  areas 
of  convoluted  tubules  in  which  the 
Malpighian  tufts  may  be  visible 
as  red  dots.  Then  in  the  pyra- 
mids we  may  notice  that  as  we 
follow  the  medullary  rays  down- 
wards there  are,  alternating  with     ^g.  264.-Diagran.  of  course  of  urinifero.s  tu- 

them,  red  streaks  which  represent  see  teJt'^cQSiN^'''''  capsule  (i)  to  pyramid  (ix). 
the  bunches  of  arteriae  rectas. 


In  studying  the  function  of  the  kidney  we  have  to  remember  in  the 
first  place  the  course  of  each  uriniferous  tubule,  which  may  be  followed 
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in  the  annexed  diagram.  It  begins  in  the  Malpighian  capsule  (i). 
Issuing  thence  the  tubule  becomes  convoluted  (n),  and  then  it  dips 
down  in  a  long  loop  (Henle's  loop)  whose  bend  (h)  is  usually  in  the 
])yramidal  portion.  Turning  upwards  (iv)  the  loop  comes  back  to 
the  cortex,  again  becomes  convoluted  (v),  and  then  opens,  some- 
times at  an  acute  angle,  into  a  straight  tubule  (vi)  which  passes 
directly  downwards  joined  by  other  tubules  (vil)  till  it  opens  at 
the  apex  of  the  pyramid  (ix)  into  one  of  the  calyces. 

So  far  as  the  water  of  the  urine  is  concerned,  it  is  generally  agreed 
that  it  passes  from  the  blood  at  the  Malpighian  tufts  ;  it  filters,  in  fact, 
from  the  capillaries  into  the  ends  of  the  tubules.  According  to  Ludwig, 
the  whole  constituents  of  the  urine  filter  through  into  the  Malpighian 
capsules,  but  along  with  an  excess  of  water.  In  travelling  through  the 
long  course  of  the  tubules  the  water  is  to  a  considerable  extent  absorbed, 
and  the  urine  concentrated.  According  to  Bowman's  views,  on  the 
other  hand,  it  is  mainly  the  water  which  passes  through  at  the  Mal- 
pighian capsules,  the  urea,  urates,  etc.,  being  secreted  from  the  blood 
by  the  large  granular  epithelium  which  lines  the  convoluted  tubules. 

Without  insisting  on  one  or  other  of  these  views,  it  is  important  for 
our  purpose  to  observe  that  the  actual  amount  of  urine  secreted  will 
depend  on  the  blood-pressure  in  the  Malpighian  vessels,  or  on  the  speed 
with  which  the  blood  passes  through  the  vessels,  these  two,  as  a  rule, 
strictly  corresponding  with  each  other.  The  amount  secreted  will  be 
increased  by  increase  of  pressure  in  the  Malpighian  vessels,  as,  for 
instance,  by  relaxation  of  the  renal  arteries,  and  it  will  be  diminished 
by  any  cause  which  diminishes  the  pressure  in  these  vessels.  Consider- 
ing the  close  relationship  of  the  renal  vessels  to  the  systemic  arteries 
and  veins,  it  is  clear  that  the  blood  in  the  former  will  be  hable  to  con- 
siderable variations  in  pressure  and  in  the  speed  of  the  current  from 
circumstances  affecting  the  general  circulation,  such  as  disease  of  the 
heart  and  lungs,  pregnancy,  and  so  on. 

We  shall  see  afterwards  that  serious  results  may  follow  from  the 
action  of  deleterious  agents  brought  to  the  kidneys  by  the  blood,  and  it 
is  important  to  consider  at  the  outset  how  lesions  brought  about  in  this 
way  will  be  distributed.  In  the  first  place,  such  diseases  will  probably 
affect  both  kidneys  at  the  same  time.  But,  further,  considering  that  it 
is  in  the  cortical  portion  of  the  kidney  that  the  secretion  of  the  urine 
takes  place,  it  is  not  remarkable  that  these  lesions  occur  mainly  in  connec- 
tion with  the  Malpighian  tufts  and  the  convoluted  tubules  of  the  cortex. 
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Congenital  Malformations. — These  are  frequently  such  as  to 
present  comparatively  little  interference  with  the  function  of  the  organs. 
This  does  not  apply  to  the  extreme  cases  where  both  organs  are  absent 
or  extremely  small,  but  as  this  only  occurs  with  serious  malformations 
of  the  foetus  as  a  whole,  the  child  does  not  survive. 

Defect  of  One  Kidney  is  not  infrequently  met  with  in  well- 
formed  adults  without  any  of  the  signs  of  disease  of  the  kidneys.  It  is 
mostly  the  left  kidney  that  is  defective,  and  it  may  be  entirely  absent, 
its  vessels  and  a  diminutive  ureter  ending  in  a  piece  of  connective 
tissue.  The  other  kidney  in  these  cases  undergoes  a  compensatory 
hj^ertrophy,  as  we  shall  see  immediately. 

The  kidney  also  not  infrequently  shows  some  trace  of  the  ORIGINAL 
lobulation  which  exists  in  the  foetus  and  is  retained  throughout  life 
in  some  animals. 

Coalescence  of  the  Two  Kidneys  across  the  middle  line  is  one  of 
the  most  frequent  malformations.  Various  degrees  of  it  are  presented. 
It  may  be  a  simple  elongation  of  the  inferior  extremities  of  the  kidneys 
which  are  united  by  a  fibrous  band  passing  across  the  vertebrae.  Or 
there  may  be  a  proper  isthmus  of  renal  tissue  uniting  the  two  kidneys 
into  one  and  forming  the  well-known 
HORSE-SHOE  KIDNEY  (Fig.  265).  From 
this  we  have  various  grades  on  to  com- 
plete coalescence  of  the  kidneys  into  an 
elongated  or  square  body  across  the 
vertebrte.  In  almost  every  case  there 
are  the  regular  two  ureters  or  they  may 
even  be  increased  in  number,  and  they 
pass  down  in  front  of  the  isthmus. 
This  form  of  kidney  is  often  dej)ressed 
in  position,  even  coming  as  low  in  some 

cases    as    the   hollow    of    the    sacrum.      Fig.  265.-Outline  sketch  of  horse-shoe 

When  depressed  the  arteries  usually  ^""""""^'-^ 

have  abnormal  origins,  as  from  the  common  iliac,  hypogastric,  etc. 

Variations  of  Position.— These  may  be  congenital  or  acquired. 
In  the  former  case  and  in  some  of  the  latter  the  kidney  is  fixed  in  its 
unusual  situation.  In  congenital  malposition  it  is  generally  the  left 
kidney  which  is  concerned.    It  may  be  depressed  so  as  to  lie  as  low  as 


G82 


DISEASES  OF  THE  URINARY  ORGANS. 


the  brim  or  even  the  cavity  of  the  pelvis.  It  is  not  infrequently  seated 
opposite  the  sacro-iliac  synchondrosis.  Such  kidneys  have  usually  the 
hilus  presenting  forward  and  are  flattened,  while  their  vessels  are 
branches  of  the  lower  end  of  the  aorta  and  the  ihac  veins  or  even 
entirely  the  iliac  vessels.  The  kidney  may  also  lie  nearer  the  middle 
line  than  normal  or  in  the  middle  line. 

The  malposition  may  be  acquired  by  the  pressure  of  tumours  or  of 
the  liver,  by  the  dragging  of  a  hernial  sac,  and  so  on.  In  a  case 
observed  by  the  author  the  kidney  was  fixed  near  the  middle  line, 
apparently  on  account  of  the  abnormal  shortness  of  the  renal  vein. 

Of  great  interest  here  is  the  movable  or  floating  kidney.  In 
connection  with  the  etiology  of  this  condition  it  is  very  important  to 
remember  that  it  occurs  in  the  great  majority  of  cases  in  females 
(according  to  Roberts  in  forty-six  out  of  fifty-one  cases)  and  mostly  on  the 
right  side.  This  connects  the  lesion  with  the  displacement  and  malfor- 
mation of  the  liver  caused  by  wearing  stays,  and  perhaps  also  Avith  the 
displacements  of  the  organs  generally,  incident  to  the  rise  of  the  uterus  in 
pregnancy.  In  the  case  of  the  movable  kidney  the  organ  is  so  loosely 
bound  down  by  the  peritoneum  that  it  can  pass  forward  out  of  its  posi- 
tion, carrying  the  peritoneum  before  it  till  it  lies  at  the  edge  of  the 
liver.  It  is  said  in  some  cases  to  possess  a  kind  of  mesentery. 
During  hfe  it  is  often  to  be  detected  at  the  border  of  the  liver,  although 
it  is  not  constantly  there. 

The  movable  kidney  is  not  very  Hable  to  secondary  changes, 
although  sometimes  the  abnormal  position  interferes  with  the  flow 
through  the  ureter,  and  leads  to  hydronephrosis,  or  even  inflammation 
of  the  pelvis.  Of  more  importance  is  the  fact  that  by  dragging  there 
may  be  serious  nervous  disturbances,  in  the  form  of  excruciating  cramps, 
often  of  very  obscure  origin  during  hfe.  The  kidney  may,  however,  be 
movable  without  any  such  nervous  symptoms  presenting  themselves. 

COMPENSATORY  HYPERTEOPHY  OF  THE  KIDNEY, 

This  condition  develops  sometimes  when  one  kidney  is  lost  or  con- 
genitally  defective.  In  the  case  of  congenital  absence  of  one  kidney 
the  other  will  be  found  homogeneously  enlarged,  and  probably  weigh- 
ing nearly  the  same  as  the  two  normal  kidneys  together.  The  diff"erent 
regions  of  the  kidney  bear  the  same  relations  to  each  other,  each  being 
enlarged  in  its  due  proportion.  The  function  of  the  kidneys  is  also 
completely  carried  out  by  the  single  one. 
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It  has  been  determined  by  experiments  in  animals  that  compensatory 
hypertrophy  develops  after  excision  in  full-grown  animals,  although  it 
is  more  complete  when  the  operation  is  done  in  the  new-born.  It  is  re- 
markable how  soon  after  such  excision  complete  restoration  of  the  renal 
functions  occurs,  the  secretion  of  urea  reaching  its  normal  in  one  case 
about  two  days  after  the  operation,  and  the  animals  remaining  from  the 
first  apparently  unaffected  in  health.  This  would  indicate  that  the 
kidney  does  not,  like  a  gland,  secrete  the  urinary  constituents,  but  that 
these  come  to  it  preformed  and  are  simply  excreted  by  it. 

Measurements  have  been  made  of  the  structures  in  the  kidney  to 
determine  whether  there  is  in  compensatory  hypertrophy  an  actual  new- 
formation  of  glomeruli  and  tubules  or  merely  an  enlargement  of  these. 
The  results  are  by  no  means  conclusive,  and  some  observers  hold  to  one 
view  and  some  to  the  other.  Gudden,  on  the  basis  of  observations  in 
which  he  excised  one  kidney  in  new-born  rabbits  and  examined  the 
remaining  hypertrophied  one  when  the  animals  were  full  grown,  con- 
cludes that  there  is  no  actual  new-formation  of  glomeruli,  but  a  simple 
enlargement  of  them.  In  relation  to  what  follows  it  may  here  be  noted 
that  hypertrophy  of  the  heart  does  not  usually  follow  extirpation  of  one 
kidney. 

DISOEDEES  OF  THE  CIECULATION  IN  THE  KIDNEYS. 

Active  Hyperemia  is  caused  by  dilatation  of  the  renal  arteries. 
This  may  be  from  traumatic  injury  to  the  vaso-motor  centre  in  the 
medulla  oblongata.  In  a  case  observed  by  the  author  of  this  kind  there 
was  the  most  intense  hypersemia  with  enlargement  of  both  kidneys,  the 
injection  affecting  all  the  vessels.  During  the  few  hours  that  the 
patient  survived  large  quantities  of  urine  were  twice  removed  by  the 
catheter,  and  after  death  the  bladder  was  again  found  distended  by  a 
watery  urine.  Again,  we  may  have  an  active  hypersemia  from  removal 
of  pressure,  as  after  excision  of  large  tumours  from  the  abdomen  or  the 
removal  of  ascitic  fluid,  or  even  the  removal  of  pleuritic  fluid.  Under 
these  circumstances  there  is  often  for  a  day  or  two  excessive  secretion 
of  urine  lasting  till  the  renal  vessels  resume  their  normal  state  of  con- 
traction. 

The  hypersemia  which  follows  on  the  administration  of  certain 
poisons,  such  as  cantharides,  arsenic,  and  carboHc  acid,  is  to  be  regarded 
as  really  inflammatory. 
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Passive  HYPER.liMiA  results  from  obstruction  to  the  venous  circula- 
tion, and  is  most  frequently  met  with  in  valvular  disease  of  the  heart 
and  in  diseases  of  the  lungs  in  which  the  circulation  is  seriously  inter- 
rupted, as  in  severe  emphysema. 

The  naked-eye  appearances  of  the  kidney  are  usually  very  suggestive 
of  overfilling  of  the  vessels.  There  is  a  general  redness,  but  this  is 
generally  most  manifest  in  the  pyramids  where  the  arteriai  rectae 
often  show  very  special  dilatation  indicated  by  exaggeration  of  the  red 
streaks  which  pass  from  the  bases  of  the  pyramids  in  the  direction  of 
the  apices.  The  Malpighian  tufts  are  also  visible  in  the  cortex  as  small 
red  spots. 

When  hyperjBmia  has  subsisted  for  a  considerable  time  as  in  so  many 
cases  of  heart  disease,  a  more  definite  change  occurs  in  the  kidney. 
The  connective  tissue  here,  as  in  other  organs  (see  passive  congestion 
of  the  heart,  p.  315),  becomes  hypertrophied,  and  the  organ  assumes  a 
distinct  increase  in  density.  The  organ,  while  harder  to  the  feel,  is 
sometimes  slightly  enlarged,  and  the  capsule  can  be  peeled  from  the 
surface  even  more  easily  than  normal.  Sometimes  there  is  fatty 
degeneration  of  the  epithelium,  and  this  may  result  in  collapse  of 
some  of  the  tubules,  leading  to  slight  depressions  of  the  surface. 

Under  the  microscope,  the  kidney  shows  overfilling  of  the  vessels, 
the  epithelium  presenting  little  alteration,  at  most  some  fatty  degenera- 
tion. The  hypertrophy  of  the  connective  tissue  is  not  accompanied  by 
any  considerable  formation  of  round  cells;  it  is  simply  seen  that 
the  interstitial  tissue  is  more  prominent  and  perhaps  more  definitely 
fibrous  than  normal. 

Thrombosis  of  the  renal  veins  is  sometimes  a  result  of  passive 
hyperfemia,  but  it  usually  occurs  just  before  death  and  when  the 
patient  is  very  much  debilitated. 

Embolism  of  the  kidney  has  been  already  referred  to  with  some 
degree  of  fulness  (see  p.  38).  Remembering  that  the  renal  arteries  are 
strictly  end-arteries,  it  will  be  understood  that  when  an  artery  is  ob- 
structed the  infarction  always  occurs.  The  arteries  of  the  kidney  being 
distributed  primarily  to  the  cortex,  the  infarction  is  more  or  less 
wedge-shaped  (Fig.  266),  with  the  base  of  the  wedge  at  the  surface. 
If  the  wedge  be  of  larger  size  it  will  extend  also  into  the  pyramids. 

As  a  rule  the  infarction  is  of  a  pale  colour  and  of  dense  consistence, 
the  tissue  having  undergone  coagulation  necrosis.    In  some  cases,  and 
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Fig.  266.— Embolic  infarction  of  kidney.  The 
white  appearance  and  wedge  shape  of  the  infarc- 
tion is  represented.    (After  Rater.) 


especially  in  small  infarctions,  haemorrhage  occurs,  and  we  may  have  the 
regular  hsemorrhagic  infarction,  or  a  partial  red  colouration.  Around 
the  infarction,  whether  red  or 
pale,  there  is  commonly  a  zone 
of  hypersemia. 

As  already  seen,  the  infarction 
gradually  undergoes  absorption, 
and  is  replaced  by  a  cicatrix.  In 
this  way  deep  depressions  of  the 
kidney  may  occur,  and  if  there 
are  several  of  them  the  kidney 
may  assume  a  lobed  appearance. 
In  cases  of  old  mitral  or  aortic 
disease  it  is  very  common  to  find 
deep  cicatrices,  indicating  that 
probably  at  the  time  of  acute 
endocarditis,  embolism  of  the 
kidney  had  occurred. 

The  kidney  is  not  infrequently  the  seat  of  septic  embolism  in 
pyaemia,  ulcerative  endocarditis,  etc.  The  result  is  the  formation  of 
mihary  abscesses,  which  will  come  up  for  consideration  hereafter. 

BRIGHT'S  DISEASE,  OR  NEPHRITIS. 

This  is  a  subject  of  great  complexity  and  difficult}',  and  one  concern- 
ing many  points  in  which  differences  of  opinion  exist. 

General  Considerations.— At  the  outset  it  may  be  said  that  we 
include  here  cases  in  which  there  are  undoubted  inflammatory  manifes- 
tations in  the  kidneys,  but  we  exclude  those  in  which  there  are  no  such 
manifestations  present.  The  domain  of  Bright's  disease,  therefore,  is 
not  coextensive  with  that  of  albuminuria,  as  the  latter  may  include 
such  conditions  as  amyloid  degeneration  and  passive  hyperaemia. 

In  studying  the  CAUSES  of  Bright's  disease,  we  have  to  look  for 
an  irritant,  and  it  is  here  important  to  observe  in  the  first  place  that 
the  inflammatory  manifestations  occur  in  both  kidneys,  and  although, 
on  examining  the  kidneys  in  detail,  these  manifestations  will  be  found^'to 
present  themselves  in  innumerable  minute  foci,  and  to  confine  them- 
selves for  the  most  part  to  the  cortex,  yet  they  do  not  aflfect  a  few 
definite  areas,  but  are  diffused  over  the  length  and  breadth  of  the 
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organ.  Those  facts  indicate  that  the  irritant  is  carried  to  the  kidneys 
by  the  blood,  and  is  distributed  with  the  blood  homogeneously  over 
them.  As  the  blood  is  primarily  distributed  to  the  cortex,  and  as 
the  cortex  contains  the  more  active  secreting  tissue  of  the  organ,  it 
so  happens  that  the  inflammatory  manifestations  occur  almost  ex- 
clusively there. 

In  the  various  cases  of  Bright's  disease  we  do  not  find  the  various 
constituents  of  the  kidney  tissue  equally  engaged,  and  it  is  necessary, 
in  studying  the  causation,  to  refer  to  this  matter.  In  the  kidney 
we  have,  as  the  main  constituents,  the  blood-vessels,  the  secreting 
tissue  (consisting  of  the  glomeruli  and  the  tubules  with  their  epithelium), 
and  the  connective  tissue. 

It  is  not  impossible  that  an  irritant  brought  to  the  kidneys  by  the 
blood  may  show  a  predilection  for  the  renal  epithelium  on  the  one 
hand  or  the  connective  tissue  on  the  other.  But  it  seems  more  likely 
that  in  the  majority  of  cases  it  will  act  on  both  at  the  same  time.  We 
have  already  had  several  opportunities  of  observing  that  chronic  inflam- 
mations very  commonly  produce  inflammatory  new-formation  in  the 
connective  tissue,  and  the  kidney  forms  no  exception  in  this  respect. 
It  may  be  said,  therefore,  that  for  the  most  part  irritants  which  act 
through  a  long  period  and  with  httle  intensity  produce  a  chronic 
inflammation  mainly  of  the  connective  tissue.  On  the  other  hand, 
irritants  which  act  intensely  so  as  to  produce  acute  inflammation,  while 
they  produce  the  usual  changes  in  the  blood-vessels  which  we  have 
seen  to  occur  in  acute  inflammations,  aff'ect  mainly  the  epithelium 
of  the  uriniferous  tubules.  It  may  therefore  be  said  that  acute  inflam- 
mations are  mostly  PARENCHYMATOUS,  while  chronic  inflammations  are 
mostly  INTERSTITIAL. 

This  distinction,  however,  cannot  be  rigidly  carried  out.  There  are 
some  acute  inflammations  which  aff'ect  the  interstitial  connective  tissue 
even  more  than  the  secreting  epithelium,  and  in  all  acute  inflammations 
which  are  somewhat  prolonged  the  connective  tissue  is  involved.  On 
the  other  hand,  inflammations  which  begin  acutely  frequently  become 
chronic  or  sub-acute,  and  in  them,  while  the  epithelium  continues  to 
show  marked  changes,  the  interstitial  tissue  always  shows  distinct 
inflammatory  proliferation. 

After  these  observations,  we  are  now  in  a  position  to  consider 
what  may  be  the  nature  of  the  irritants  which  produce  Bright's  disease. 
In  the  first  place,  as  to  acute  nephritis,  a  very  common  cause,  and 
indeed  in  children  the  commonest,  is  the  specific  poison  of  scarlet 
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FEVER,  It  may  also  be  produced  by  the  poison  of  measles  and  other 
specific  febrile  diseases.  In  adults  the  disease  is  mostly  ascribed  to 
COLD,  and  we  have  to  consider  how  exposure  to  cold  should  give 
rise  to  an  irritant  of  such  a  nature  as  to  cause  acute  inflammation 
of  the  kidneys.  It  is  of  interest  in  this  regard  that,  as  Dickinson 
so  well  points  out,  cold  mostly  produces  these  eff'ects  when  the  person 
is  exhausted  or  asleep,  and  when  the  exposure  has  occurred  imme- 
diately after  profuse  perspiration.  It  is  as  if,  the  functions  of  the  skin 
being  suspended,  some  deleterious  material  accumulated  in  the  blood 
and  irritated  the  kidneys.  It  appears  that  nephritis  hardly  occurs 
in  persons  exposed  to  cold  in  the  arctic  regions,  probably  because,  the 
respiration  being  more  vigorous,  the  deleterious  material  is  carried  off 
by  way  of  the  lungs.  In  warm  climates  also  nephritis  is  uncommon, 
probably  because  the  body  is  less  liable  to  sudden  exposure  to  cold 
than  in  temperate  regions. 

Turning  to  the  causes  of  chronic  nephritis,  it  sometimes  remains 
after  an  acute  attack.  For  the  most  part,  however,  when  the  disease 
begins  as  acute  nephritis  it  remains  subacute  with  repeated  exacerba- 
tions, and  the  anatomical  condition  is  a  combination  of  that  seen  in 
acute  Bright's  disease  and  chronic,  or,  in  other  words,  of  parenchymatous 
and  interstitial  nephritis.  Sometimes,  however,  the  disease,  even  after 
scarlet  fever,  becomes  definitely  chronic,-and  the  anatomical  features 
are  those  of  interstitial  nephritis,  although  the  changes  in  the  tubules 
may  still  be  such  as  to  suggest  an  earlier,  mainly  parenchymatous, 
inflammation. 

On  the  other  hand,  in  a  large  proportion  of  cases,  the  disease  is 
chronic  from  the  outset,  and  is  to  be  ascribed  to  a  cause  which  has  been 
acting  with  slight  intensity  for  a  long  period.  Of  all  these  causes  the 
most  definitely  determined  is  gout.  The  pathology  of  this  disease  is 
not  very  apparent,  but  there  is  an  obvious  alteration  in  the  blood 
in  consequence  of  which  salts  of  uric  acid  are  deposited  in  certain 
jomts,  generally  with  signs  of  acute  inflammation.  The  same  condition 
of  the  blood  frequently  induces  chronic  nephritis,  and  it  is  remarkable 
that  when  it  attacks  the  kidneys  it  is  less  likely  to  affect  the  joints,  and 
vice  versa.  Among  the  working  classes  gout  largely  arises  from  chronic 
lead-poisoning  (see  statistics  in  Dickinson's  work  on  Albuminuria)  and 
m  these  cases  the  disease  is  particularly  liable  to  attack  the  kidney  so 
much  so  that  a  large  proportion  of  painters  and  others  who  work  with 
lead  die  of  chronic  nephritis.  Where  the  gout  is  due  to  the  constant 
use  of  alcohol  the  disease  is  more  liable  to  attack  the  joints. 
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Chronic  nephritis  is  also  sometimes  induced  by  the  poison  of  syphilis. 
In  this  case  it  is  apt  to  be  associated  with  amyloid  disease,  but  may  also 
occur  as  a  simple  inflammation. 

Pregnancy  not  infrequently  leads  to  a  chronic  nephritis,  in  all 
probability  by  obstructing  the  vessels  of  the  kidney  by  the  pressure  of 
the  uterus.  In  recent  cases  there  is  extreme  hyperajmia  of  the  kidney, 
which,  with  repetition  of  the  cause,  may  go  on  to  assume  the  regular 
characters  of  chronic  nephritis. 

Lastly,  there  are  cases  in  which  there  is  no  special  cause  apparent, 
and  we  can  only  say  that  the  person  has  been  exposed  to  some  influence 
whose  nature  we  do  not  know.  In  many  cases  the  disease  has  been 
very  prolonged,  and  all  through,  the  actual  active  disease  at  any 
particular  time  has  been  very  slight.  With  this  very  insidious  march, 
there  may  be  the  most  serious  permanent  changes  in  the  kidneys 
before  any  prominent  symptoms  have  called  attention  to  these  organs. 
Among  the  causes  which  are  sometimes  mentioned,  it  is  proper  to  refer 
to  prolonged  mental  disturbance.  It  is  not  impossible  that  the  deteriora- 
tion of  the  body,  and  the  defective  condition  of  the  alimentary  functions 
in  such  cases,  may  render  the  kidneys  peculiarly  liable  to  chronic 
inflammation. 

The  ANATOMICAL  AND  HISTOLOGICAL  CONDITIONS  IN  BRIGHT'S  DIS- 
EASE. We  shall  consider  these  changes  under  three  heads,  namely, 

inflammation  mainly  affecting  the  Malpighian  bodies,  or  glomerulo- 
nephritis, that  in  which  the  tubules  are  chiefly  concerned,  paren- 
chymatous NEPHRITIS,  and  that  which  affects  chiefly  the  connective 
tissue,  INTERSTITIAL  NEPHRITIS.  We  have  already  seen  that  no  ab- 
solute line  of  distinction  can  be  drawn  between  these,  and  especially 
that  when  parenchymatous  nephritis  becomes  chronic,  the  interstitial 
tissue  is  more  and  more  involved. 

The  term  glomerulo-nephritis  has  been  apphed  by  Klebs  to  a 
condition  in  which  the  Malpighian  tufts  show  the  chief  signs  of 
inflammation.  This  he  describes  as  being  present  in  the  kidneys  of 
persons  who  have  had  scariatina,  and  have  died  in  consequence  of  the 
post-scarlatinal  nephritis. 

It  seems  strange  that  the  actual  pathological  condition  m  the 
nephritis  of  scariatina  has  been  so  little  determined  till  of  late  years. 
It  has  been  customary  to  state  that  the  condition  is  a  parenchymatous 
nephritis.    Recent  observations,  however,  have  shown  that  m  the 
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earliest  stage  of  scarlatinal  nephritis  there  is  an  accumulation  of  round, 
cells  in  the  glomeruli  and  connective  tissue  around.  This  observation, 
originally  brought  into  prominence  by  Klebs,  has  been  confirmed  by  the 
author,  Klein,  Charcot,  and  others,  and  may  now  be  generally  accepted. 

Looking  on  scarlatinal  nephritis  as  a  typical  acute  inflammation 
of  the  kidney,  we  are  not  surprised  to  find  that  the  occurrence  of 
leucocytes  in  the  Malpighian  tufts  is  the  most  prominent  ajipearance  at 
the  outset,  and  it  is  this  condition  apparently  which  is  specially 
designated  glomerulo-nephritis.    The  exudation  is  not  usually  confined 
.  to  the  glomeruli,  but 
exists  around  them,  and 
may    extend   to  the 
general  connective  tis- 
sue.  In  the  case  of  the 
author  in  which  the  pa- 
tient died  on  the  ninth 
day  from  the  outset  of 
the  fever,  there  was  an 
enormous  infiltration  of 
the  interstitial  tissue, 
as  well  as  the  glomer- 
uli,   with  leucocytes 
(Fig.  267).  It  is  stated 
by  Eosenstein  that  in 
the  nephritis  caused 
artificially  in  animals 

by  cantharides  there  is  a  similar  appearance  of  leucocytes  around  the 
glomeruli  and  elsewhere. 

Besides  these  changes,  there  is  very  commonly  in  the  acute  stage  of 
scarlatinal  nephritis  blood  in  the  uriniferous  tubules.  The  blood  is  in  the 
convoluted  tubules,  and  it  is  sometimes  seen  also  inside  the  glomerulus. 
In  a  favourable  section  an  appearance  such  as  that  shown  in  Fig.  268 
may  be  found.  There  is  seen  to  be  blood  (b)  in  the  glomerulus,  be'tween 
the  tuft  of  vessels  (a)  and  the  capsule,  and  there  is  also  blood  in  a 
tubule  (c)  which  is  so  related  to  the  glomerulus  as  to  be  evidently  its 
prolongation,  although  the  section  did  not  happen  to  be  made  so  as  to 
show  the  actual  communication. 

Sometimes  the  changes  in  the  kidney  do  not  consist  so  much  of 
exudation  of  leucocytes  or  extravasation  of  the  whole  blood,  but  rather 
m  alterations  in  the  epithelium.     In  scarlatina  the  changes  in  the 

2  X 


Fig.  267.— Glomerulo-neijhritis  from  a  case  of  scarlet  fever 
The  Malpighian  ttift  in  the  middle  of  the  figure  is  crowded  witli 
round  cells,  which  are  also  present  very  abundantly  in  the  inter- 
stitial substance  between  the  tubules,  whose  epithelium  is 
granular,    x  300. 
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epithelium  also  centre  in  the  glomeruli.  The  epithelium  lining  the 
glomerulus  is  distinctly  enlarged  (Fig.  269),  and  whereas  normally  this 


■Pitr  9r,R  KEpmorrhaffe  from  a  Malpighian  tuft  in  a  case  of  scarlet  fever  a, 
tult  f  6  M  SSA^uft  an"  capsul'e  f  c,  blood  in  urinif erous  tubule  extending 
from  tuft.    X  350. 

epithelium  is  hardly  visi- 
ble, it  may  become  re- 
markably prominent,  as 
in  the  figure.    It  some- 
times   increases  very 
greatly,  as  in  Fig.  270, 
accumulating  inside  the 
glomerulus  in  such  a  way 
as  to  crush  the  tuft.  In 
the  case  from  which  this 
figure  was  taken  there 
were  many  tufts  very 
seriously  encroached  on 
by  the  growing  epithe- 
«-„^  lium.     Similar  changes 

pi„  269  -Glomervdo^nephritis  in  scarlet  fever.  The  epi-  qCCUT  iu  the  epithelium 
thelium  lining  the  capsule  is  unduly  large  and  abundant.  tubulcS,  but  thcrC 

X  350  1 

is  a  remarkable  concentration  of  the  lesion  in  that  of  the  go- 
meruli. 
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In  cases  where  there  is  little  more  than  a  glomerulo-nephritis,  such 
as  we  have  described  above,  there  are  sometimes  severe  ursemic  symp- 
toms leading,  rapidly  it  may  be,  to  death.  It  is  to  be  remembered  in 
this  connection  that  the  urine  is  secreted  essentially  by  the  glomeruli, 
and  if  in  many  of  these  the  vessels  are  suddenly  obstructed  by  the 
pressure  of  leucocytes  as  in  Fig.  267,  or  of  epithelium  as  in  Fig.  270,  or 


Fig.  270.— Glomerulo-nephritis  in  scarlet  fever.    The  epithelium  lining 
the  capsule  is  greatly  increased  so  as  to  crush  the  tuft,    x  350. 

even  by  blood  inside  the  capsule,  then  the  secretion  of  urine  may  be  much 
reduced.  Under  these  circumstances  suppression  of  urine  and  urtemia 
are  not  very  extraordinary  occurrences. 

The  kidneys  in  these  cases  may  be  very  little  changed  to  the  naked 
eye;  they  are  sometimes  enlarged  with  considerable  injection  of  the  vessels. 
The  glomeruli  may  be  visible  as  red  points,  and  there  may  be  on  the 
surface  and  on  section  red  streaks  and  spots,  indicating  the  intratubular 
hemorrhage.  Sometimes,  on  the  other  hand,  the  exudation  of  leuco- 
cytes may  be  sufficient  to  produce  great  enlargement,  and  the  kidney 
(as  m  the  author's  case,  from  which  Fig.  267  is  taken)  has  all  the  appear- 
ance of  the  large  white  kidney. 

Parenchymatous  nephritis  is  characterized  by  the  occurrence  of 
changes  m  the  renal  epithelium.  From  what  has  been  already  stated 
It  wil  be  understood  that  these  changes  hardly  ever  occur  without 
comcident  signs  of  inflammation  in  the  interstitial  connective  tissue. 

The  changes  consist  in  the  first  place  mainly  in  cloudy  swelling  of 
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the  epithelium,  with  a  tendency  for  the  cells  to  become  loosened  and  to 
discharge.  The  tubnles  are  often  found  greatly  distended,  and  as  if 
choked  with  desquamated  ejiithelium.  Fatty  degeneration  occurs  in 
the  epithelium,  and  is  often  present  in  a  high  degree,  not  uniformly,  hut 
usually  in  a  considerable  stretch  of  tubule  at  a  time.  In  the  tubules, 
besides  desquamated  and  frequently  fatty  epithelium,  there  may  be 
blood,  in  the  form  of  brown  granular  matter  or  fresh  red  blood. 
Tube  casts  are  also  to  be  found,  often  in  great  abundance.  The  tube 
casts  lie  in  the  calibre  of  the  tubules  as  transparent  hyahne  cylinders, 
and  they  may  be  traced  for  a  considerable  distance.  The  changes  in 
the  epithelium  are  almost  entirely  confined  to  the  convoluted  tubules  of 
the  cortex,  although  the  disintegrated  epithelium  may  be  carried  down- 
wards into  the  loops  of  Henle  and  the  straight  tubules.  The  tube  casts 
are  found  in  the  straight  tubules  as  well  as  in  the  convoluted. 

The  kidney  as  a  whole  is  considerably  enlarged,  and  it  may  reach 
twice  its  normal  weight.  The  blood-vessels  are  intensely  injected,  so 
that  the  surface  presents  a  red  colour  after  removal  of  the  capsule, 
which  comes  off  easily.  On  section  the  cut  surface  is  also  seen  to  be 
red,  and  blood  flows  freely  from  it ;  the  mucous  membrane  of  the  pelvis 
is  injected.  If  the  cut  surface  be  washed  so  as  to  remove  the  blood,  it 
may  appear  as  if  the  tissue,  apart  from  the  blood-vessels,  were  unduly 
pale,  and  there  may  even  be  opaque  streaks  if  fatty  degeneration  is 
considerable.  The  enlargement  of  the  organ  is  seen  to  be  mainly  due 
to  increase  of  the  cortex,  which  may  be  very  much  thickened,  and  it  is 
in  the  cortex  that  the  paler  colour  mentioned  above  appears. 

It  is  not  common  for  death  to  occur  in  this  exceedingly  acute  stage, 
and  as  the  inflammation  subsides  into  a  subacute  or  chronic  condition 
we  have  developed  the  large  white  kidney.  It  is  necessary  here  to 
mention  that  amyloid  degeneration  produces  enlargement  and  paleness 
of  the  kidney,  and  confusion  has  no  doubt  frequently  occurred  between 
that  condition  and  the  one  now  under  consideration. 

In  the  large  white  kidney  the  tubules  are  still  distended  with  epi- 
thelium, which  is  enlarged  and  desquamating  (Fig.  271).  There  is  here 
usually  considerable  fatty  degeneration  of  the  epithelium.  The  epi- 
thelium, and  debris  resulting  from  its  disintegration,  are  often  packed 
to  a  considerable  extent  into  the  straight  tubules.  Tube-casts  are 
present  usually  in  large  numbers,  and  present  the  hyaline  appearance 
already  described,  or  else  contain  debris  of  epithelium  and  fat. 

The  changes  in  the  tubules  are  so  prominent  that  they  are  apt  to 
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obscure  the  condition  of  the  connective  tissue.  In  every  case  probably 
there  are  round  cells  in  the  tissue,  and  sometimes  they  nre  present  in 


Fig.  271.— Section  of  large  white  kidney  in  a  child  of  seven.  The  tubules  con- 
tain irregular  epithelium,  and  are  distorted  ;  in.  one  a  tube-cast  is  present.  The 
interstitial  tissue  is  gi-eatly  increased  and  contains  abundant  round  cells.  (Dick- 
inson.) 


T2.-Sectlon  of  normal  kidney  for  comparison  with  preceding.  (Dickinson.) 
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great  abundance.  In  the  accompanying  woodcut  (Fig.  271),  taken  from 
Dr.  Dickinson's  work,  the  condition  of  the  interstitial  tissue  is  shown  in 
the  case  of  a  child  seven  years  of  age,  in  which  each  kidney  weighed  4| 
ounces.  An  illustration  of  the  appearances  of  a  similar  section  from  a 
healthy  child  is  given  along  with  it  for  comparison  (Fig.  272).  It  is 
seen  that  in  addition  to  the  changes  in  the  epithelium  already  described 
there  are  numerous  round  cells  in  the  interstitial  tissue. 

The  longer  the  case  lasts  the  more  pronounced  is  the  change  in  the 
interstitial  connective  tissue.  As  time  goes  on  also  the  distension  of 
the  tubules  with  epithelium  becomes  less.  The  disintegrated  epithelium 
is  discharged  and  there  is  less  reproduction.  In  this  way  the  condition 
shades  towards  that  of  interstitial  nephritis,  and  may  pass  into  that  of 
the  contracted  kidney.  A  case  which  has  begun  acutely,  however, 
generally  even  in  the  later  stages  presents  traces  of  the  epithelium  being 
specially  involved.  We  shall  see  afterwards  that  in  the  typical  chronic 
interstitial  nephritis  the  epithelium  is  also  involved,  but  the  connective 
tissue  in  this  case  is  increased  to  such  an  extent  that  the  alteration  of 
the  tubules  is  apparently  secondary. 

To  the  naked  eye  the  enlargement  and  paleness  of  the  kidney  are 
the  striking  features  in  this  condition.  The  weight  of  the  organs  is 
often  double  the  normal  or  more.  The  increase  in  bulk  is  almost  alto- 
gether in  the  cortex,  and  its  exceedingly  pale  colour  contrasts  with  that 
of  the  pyramids,  which  are  often  unduly  red.  The  colour  of  the  cortex 
is  opaque  white  or  buff,  and  it  is  often  possible  with  the  naked  eye  to 
distinguish  yellow  streaks  and  spots  on  the  surface  of  the  kidney  after 
removal  of  the  capsule  or  on  the  cut  surface,  indicating  fatty  degenera- 
tion of  the  epithelium. 

It  will  be  clear  that  from  the  large  white  kidney  to  the  contracted 
form  there  are  all  gradations,  and  a  kidney  which  is  normal  in  size,  but 
which  presents  paleness  and  irregularity  of  the  cortex,  will  show  under 
the  microscope  already  a  very  marked  increase  of  the  connective 
tissue. 

Interstitial  nephritis  is  the  name  apphed  to  inflammation  of  the 
connective  tissue  of  the  kidney.  From  what  has  gone  before  it  will  be 
understood  that  this  scarcely  occurs  independently  of  inflammation  of 
the  epithelium  of  the  tubules,  and  that  in  almost  all  cases  the  inflamma- 
tion is  really  diffuse.  We  have  even  seen  that  in  acute  nephritis  there 
may  be  such  an  exudation  of  leucocytes  as  to  give  the  appearance  of  an 
intense  interstitial  inflammation. 
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Even  subacute  nephritis  is  sometimes  mainly  interstitial,  that  is 
to  say  there  is  a  persistence  of  the  exudation  of  leucocytes  which  infil- 
trate the  entire  connective  tissue  of  the  cortex,  and  find  their  way  also 
into  the  uriniferous  tubules.  In  such  cases  leucocytes  appear  in  the 
urine  in  considerable  abundance,  and  they  may  even  be  so  numerous  as 
to  give  rise  to  the  supposition  that  pus  is  present  in  the  urine. 

It  is,  however,  in  very  chronic  cases  that  we  find  the  most  typical 
interstitial  changes,  resulting  in  the  so-called  granular  contracted 
KIDNEY,  or  CIRRHOSIS  of  the  kidney. 

The  disease  begins  with  a  formation  of  round  cells  in  the  cortical 
part  of  the  kidney,  so  that  a  kind  of  granulation  tissue  is  formed. 
These  cells,  as  in  the  other  chronic  inflammations,  go  on  to  the  forma- 
tion of  connective  tissue,  so  that  there  is  a  great  increase  in  the 
interstitial  tissue  of  the  organ.  This  connective  tissue  tends  more  and 
more  to  assume  a  fibrous  condition,  and  to  contract,  so  that  by  its 
cicatricial  shrinking  it  seriously  interferes  with  the  secreting  tissue  and 
the  blood-vessels. 

The  formation  of  round  cells  does  not  take  place  homogeneously  in 
the  cortex.  There  are  frequent  areas  in  which  it  is  present  alternating 
with  areas  in  which  it  is  absent.  It  is  usually  most  apparent  at  first 
near  the  surface  of  the  cortex, 
and  the  cells  often  accumu- 
late specially  round  the  Mal- 
pighian  glomeruli. 

As  time  goes  on,  the  in- 
crease of  dense  fibrous  tissue 
produces  very  marked  secon- 
dary results.  The  capsules 
of  m3,ny  of  the  glomeruli 
undergo  a  marked  thicken- 
ing, as  shown  in  Fig.  273  a, 
and  the  tuft  of  vessels  (b) 
solidifies  into  a  dense  homo- 
geneous nodule.   In  this  way 

the    glomerulus    is    greatly      ^^S-  273.— interstitial  nepliritis.    Sclerosis  of  glomer- 
j  .1  tliickened  capsule  ;  b,  condensed  vessels  of  tuft ; 

contracted     (compare     with      abundant  round  ceUs  in  interstitial  tissue  ;  c,  dwarfed 
-  .  tubules  remaining,    x  350. 

normal  glomerulus  m  Fig. 

272,  which  is  magnified  a  third  less)  reduced  often  to  less  than  half 
its  normal  size,  and  composed  of  white  glancing  connective  tissue,  in 
which  can  still  be  recognized  as  a  rule  the  thickened  capsule  presenting 
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a  concentric  fibrous  arrangement  (see  figure),  and  the  more  homogene- 
ous central  part  composed  of  the  condensed  and  impervious  vessels. 
This  SCLEROSIS  of  the  tufts  is  often  very  striking,  as  the  small  glancing 
bodies  attract  the  eye. 

The  URINIFEROUS  TUBULES  undergo  still  more  striking  changes.  In 
the  midst  of  the  new- formed  tissue  they  are  to  a  great  extent  destroyed, 
so  that  large  districts  of  cellular  connective  tissue  may  be  found  with  no 
tubules  at  all  {d  in  Fig.  273).  When  they  persist  in  the  midst  of  the 
new-formed  tissue  they  are  greatly  atrophied  (c  in  figure),  and  theii- 
epithelium  is  rudimentary  in  appearance.  This  great  destruction  of 
tubules  in  conjunction  with  the  contraction  of  the  connective  tissue 

causes    the  remaining 


structures  to  be  draAvn 
together,  and  the  altered 
glomeruli  are  often 
crowded  together  in  a 
very  extraordinary  way 
(see  Fig.  274). 

Where  the  tubules 
are  not  directly  destroy- 
ed by  the  contracting 
tissue,  their  epithelium 
presents  alterations 
somewhat  similar  to 
those  mentioned  as  cha- 
racteristic of  subacute 
parenchymatous  neph- 
ritis. There  is  accumu- 
lation of  epithelium  and 
debris,  often  with  great 
distension  and  distortion 
of  the  tubules  {h  in  Fig. 
274),  and  the  epithelium 
frequently  presents  fatty 
degeneration.  It  will 
thus  occur  that  parts 
where  nothing  but  the 
merest  traces  of  tubules 


Fig.  274. — Section  of  contracted  kidney  with  a  very  low  mag- 
nifying power.  (This  figure  should  be  compared  with  the  next, 
which  is  similarly  magiiified.)  «,  medullary  rays;  b,  convoluted 
tubules  crushed  together  and  dilated ;  c,  region  of  arterias 
rectse  and  loops  of  Henle,  the  latter  dilated  and  forming  cysts  ; 

d,  large  artery  between  pjTamid  and  cortex,  showing  endarteritis 
obliterans;  the  space  between  this  and  surface  represents  the 
cortex,  and  may  be  compared  with  similar  space  in  next  figure; 

e,  glorneruli,  closely  set  and  contracted,  they  also  present  a 
white  homogeneous  appearance  ;  /,  capsule,    x  12. 


are  present  will  alternate  with  parts  where  they  are  greatly  distended. 
As  there  is  a  general  shrinking  of  the  cortex  the  distended  tubules  are 
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gathered  together  into  folds  as  if  crowded  towards  the  bases  of  the 
pyramids. 

Cysts  form  not  infrequently  in  the  contracted  kidney.  There  may 
be  some  visible  to  the  naked  eye,  yet  in  most  cases  they  are  to  be  dis- 
tinguished mainly  by  microscopic  examination.  They  are  round  or 
oval  in  shape,  and  often  lie  in  rows,  especially  in  the  pyramidal  portion 
where  they  probably  originate  from  the  loops  of  Henle  (see  Fig.  274  c). 


These  small  cysts  are  thin-walled  and  contain  clear  fluid.  They  arise 
by  obstruction  of  the  tubules  from  the  contraction  of  the  interstitial 
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tissue,  which  constricts  them  and  causes  the  urine  to  accumulate  and 
distend  the  tuhules.  The  glomeruli  may  give  origin  to  cysts  of  a 
similar  nature,  the  fluid  accumulating  in  the  capsule  and  separating  the 
tuft  of  vessels  from  the  capsule.  Cysts  in  the  kidney  sometimes  contain 
a  colloid  material  as  if  from  degeneration  of  the  epithelium  in  the 
tubules  which  have  been  cut  off  by  the  constriction  of  the  connective 
tissue.  The  great  alteration  and  dislocation  which  the  structures  of  the 
kidney  undergo  in  advanced  cases  may  be  gathered  from  Fig.  274, 
which  was  drawn  under  the  camera  lucid  a  with  the  same  apparatus  as 
that  used  in  figure  275,  with  which  it  should  be  compared,  the  lettering 
indicating  similar  structures  in  each. 

The  blood-vessels  are  often  much  affected  in  the  contracting 
kidney.  The  vessels  of  the  glomeruli  are  greatly  obstructed  and 
destroyed  by  the  sclerosis  already  mentioned,  and  when  the  kidney 
is  injected  many  remain  empty  or  only  show  a  very  shght  injection. 
The  capillaries  also,  which  normally  form  such  an  abundant  network 
around  the  tubules,  are  greatly  destroyed  by  the  new-formation,  as 
appears  abundantly  when  a  coloured  injection  of  gelatine  with  carmine 
is  thrown  into  the  renal  artery.  It  is  clear  that  the  interference  with 
the  tufts  and  the  capillaries  must  seriously  obstruct  the  circulation  in 
the  kidney,  and  experiments  by  Thoma  show  that  when  a  solution  of 
gelatine  and  common  salt  is  injected  into  the  renal  artery  at  a  fixed 

pressure  the  outflow  from  the 
veins  is  greatly  diminished  in  the 
contracted  kidney  as  compared 
with  the  normal. 

Besides  this,  however,  the 
branches  of  the  renal  artery  fre- 
quently show  considerable  altera- 
tions. There  is  thickening  of  the 
muscular  coat  probably  in  all  cases 
of  interstitial  inflammation.  But 
in  addition  to  that  there  is,  in  many 
cases,  though  not  in  all,  a  marked 
thickening  of  the  internal  coat. 


a  5, 
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Pig  276.— Endarteritis  obliterans  from  a  con- 
„-acted  kidney.    Two  arteries  seen  in  transverse  rpij     •     gonietimCS  very  Strikmg, 
section,  and  one  in  longitudinal,    a,  thickened  ouiii<:.ux  j 


and'^brouslnternal  coat;°&,  middle  coat,  x  350.  ghown  in  Fig.  27 6,  almOSt  re- 
sulting in  obliteration  of  the  smaller  arteries  (endarteritis  obliterans). 
It  woSld  even  appear  that  this  endarteritis  may  be  an  early  lesion  in 
some  cases,  occurring  before  the  definite  onset  of  the  interstitial  changes. 
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We  have  still  to  refer  to  the  naked-eye  appearances  which  are  to  be 
;    connected  with  the  minute  changes  already  described.  .The  most  definite 
change  is  loss  of  bulk.    If  the  disease  has  begun  with  enlargement  then 
j   the  reduction  in  bulk  may  only  bring  the  kidney  back  to  the  normal  size, 
i   But  in  the  ordinary  chronic  cases  it  is  greatly  reduced  in  size,  so  that 
i   it  may  weigh  only  3  ounces  or  less.    The  capsule  is  adherent  to  the 
i    surface,  strikingly  so  in  the  very  chronic  cases,  so  that  in  attempting  to 
I   remove  it  pieces  of  kidney  tissue  come  with  it,  and  it  may  be  thickened 
!    and  opaque.    The  proper  surface  of  the  kidney  is  markedly  uneven, 
i  .  being  studded  with  small  rounded  granulations.    The  prominent  granu- 
i   lations  are  often  somewhat  pale  in  colour,  representing  the  parts  where 
:   the  tubules  are  to  some  extent  preserved,  while  the  intervening  depres- 
j   sions  have  a  reddish  colour.    Very  often  the  general  colour  is  red  with 
!   only  a  pale  mottling  from  the  granulations.    Cysts  are  often  visible  on 
;   the  surface  and  on  section.    On  section  the  cortex  is  very  manifestly 
!   changed.    It  is  much  less  regularly  defined  from  the  bases  of  the  pyra- 
mids than  normal,  and  the  regular  markings  which  we  see  in  the  cortex 
indicating  the  medullar}'-  rays  are  greatly  obscured.    Its  colour  is  grey 
;   or  buff",  and  its  texture  is  much  more  dense  and  tough  than  normal. 
I   It  is  also  greatly  thinned,  sometimes  so  that  it  forms  merely  a  thin 
*  rind,  perhaps  only  a  twelfth  of  an  inch  in  thickness  between  the  bases 
:   of  the  pyramids  and  the  surface.    The  -  great  loss  of  cortex  may  be 
inferred  from  the  comparison  of  Fig.  274  with  Fig.  275  ;  the  arteries 
which  run  between  cortex  and  pyramids  (c  c)  are  seen  to  be  very  little  re- 
I  moved  from  the  surface  in  the  former  figure  as  compared  with  the  latter. 

We  have  now  to  consider  certain  very  important  points  in  the 
i  pathology  of  Bright's  disease,  in  regard  to  which  it  is  necessary  to  bear 
:  in  mind  the  anatomical  conditions  already  described.  These  points 
I  are  (1)  the  causation  of  albuminuria,  (2)  the  formation  of  tube-casts, 
I  and  (3)  the  condition  of  the  heart  and  other  arteries  throughout  the 
;  body  in  Bright's  disease,  chiefly  in  relation  to  the  increased  arterial 
tension  which  is  so  important  a  result  of  chronic  Bright's  disease. 

I  Albuminuria  is  well  known  to  be  the  most  important  clinical  sign 
■  of  Bright's  disease.  By  the  term  is  meant  escape  of  albumen  from  the 
blood  serum  along  with  the  urine.  It  is  probable  that  the  albumen 
undergoes  sHght  modifications  in  its  chemical  reactions  (Kirk),  but  its 
source  is  undoubtedly  the  serum  albumen.  We  have  to  consider  under 
what  circumstances  albumen  makes  its  escape. 
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It  may  perhaps  l)e  a  necessarj'  preliminary  to  infjuire  why  it  does  not 
make  its  escape  under  ordinary  circumstances,  why  the  urine  is  not 
normally  alhuminous.  We  know  that  the  other  transudations  from 
the  blood  contain  albumen,  and  it  seems  at  first  sight  strange  that  the 
urine  does  not.  Some  have  even  supposed  that  the  urine  as  it  is  separ- 
ated from  the  blood  at  the  glomeruli  is  normally  albuminous,  and  that 
in  its  subsequent  passage  through  the  tubules  the  albumen  is  absorbed 
by  the  epithelium  just  as  the  water  is  taken  up  and  the  urine  concen- 
trated. But  this  view  is  completely  opposed  to  known  facts.  We  have 
already  seen  that  in  chronic  Bright's  disease  there  is  great  destruction 
of  the  secreting  epithelium,  so  that  the  glomeruli  are,  as  it  were,  more 
near  to  the  outlets  of  the  tubules  than  normal ;  the  urine  secreted  in 
these  cases  is  very  watery,  and  has,  in  fact,  characters  which  are  presum- 
ably those  of  the  urine  as  it  is  separated  at  the  glomeruli.  But  it  is 
exactly  in  this  class  of  cases  that  albumen  is  frequently  absent  from  the 
urine.  Again,  in  acute  Bright's  disease  the  renal  epithelium  is  unduly 
active,  and  might  be  supposed  to  be  peculiarly  ready  to  absorb  albu- 
men as  nourishment,  but  it  is  in  these  cases  in  which  the  quantity  of 
urine  is  small  that  albumen  is  peculiarly  apt  to  be  present. 

It  might  be  supposed  that  increased  blood-pressure  in  the  vessels  of 
the  glomeruli  might  lead  to  albuminuria,  but  this  also  does  not  seem  to 
be  the  case.  We  shall  afterwards  see  that  in  chronic  nephritis  the 
blood  is  at  an  excessive  pressure,  the  excess  of  urine  being  partly  due 
to  this,  but  here  albumen  is  frequently  absent.  Then  in  active  hyper- 
emia there  is  increased  pressure  in  the  vessels  of  the  glomeruli,  but  the 
urine  although  excessive  in  quantity  contains  no  albumen. 

The  occurrence  of  albumen  seems,  in  fact,  definitely  related  to  the 
structural  changes  in  the  kidney.  We  have  seen  that  the  inflammation 
in  its  acute  form  aff'ects  the  glomeruli  primarily,  and  it  is  probably 
because  the  structure  of  the  glomerulus  is  altered  that  the  albumen 
escapes.  In  this  view  of  it  we  infer  that  it  is  due  to  the  structure  of 
the  glomerulus  that  the  albumen  does  not  get  through  in  the  normal 
kidney,  and  when  this  structure,  especially  the  epithelium,  is  tampered 
with  then  albumen  passes  through  as  in  ordinary  transudations.  It  is 
to  be  presumed  that  other  causes  besides  inflammation  may  interfere 
with  the  epithelium  of  the  glomeruli.  In  acute  febrile  diseases  it  may 
partake  in  the  general  parenchymatous  degeneration  of  the  organs 
generally,  and  so  allow  of  the  passage  of  albumen.  In  passive  hyper- 
.cBmia  also  its  nutrition  will  sufi"er  and  we  may  have  albuminuria. 
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Tube-Casts. — In  cases  of  Bright's  disease  these  are  usually  visible 
in  all  parts  of  the  tubules,  in  the  convoluted  tubules  of  the  cortex,  the 
loops  of  Henle,  and  the  straight  tubules,  and  they  are  sometimes  pres- 
ent in  very  large  numbers.  Those  in  the  convoluted  tubules  and  in 
the  straight  tubules  of  the  pyramids  are  of  larger  dimensions  than  in 
the  loops  of  Henle.  For  the  most  part  the  casts  are  translucent  and 
homogeneous  in  appearance,  forming  hyaline  casts.  But  there  may  be 
epithelium  or  fatty  debris  inclosed  in  them,  and  so  we  have  epithelial 
and  FATTY  casts.  Very  frequently,  as  it  lies  in  the  tubule,  a  cast  pre- 
sents a  transverse  fracture,  as  if  by  shrinking  it  had  parted  in  the 
middle. 

In  regard  to  the  origin  of  these  casts  they  are  probably  for  the  most 
part  of  the  nature  of  fibrinous  exudations.  They  are  mostly  present  in 
the  more  acute  forms  of  Bright's  disease,  and  in  these  forms  we  have 
the  conditions  requisite  for  the  formation  of  fibrine  (see  p.  87).  The 
albumen  in  the  urine  indicates  an  exudation  of  blood-plasma  containing 
fibrinogen,  and  there  are  also  leucocytes  exuded  in  these  acute  cases. 
The  coagulation  will  occur  the  more  readily  if  the  tubules  have  already 
(  lost  their  epithelium.  But,  besides  this  origin,  tube-casts  may  appar- 
I  ently  be  composed  of  altered  epithelium.  Epithehum  may  be  broken 
down  and  discharged  from  the  convoluted  tubules  and  impacted  into  the 
loops  of  Henle,  where  it  may  form  cylinders.  The  epithehum  may  also, 
as  we  have  formerly  seen,  undergo  coagulation  necrosis,  and  even  hyaline 
cyhnders  may  have  this  origin.  It  will  be  observed,  however,  that 
such  casts  are  hardly  different  to  the  proper  fibrinous  ones,  the  fibrino- 
gen has  the  same  source,  while  the  epithelium  furnishes  the  fibrino- 
plastic  substance  and  ferment  instead  of  the  leucocytes. 

It  is  well  known  that  tube-casts  are  of  common  occurrence  in  the 
urine,  being  washed  out  of  the  tubules.  In  this  connection  it  is  to  be 
remembered  that  they  are  composed  of  a  soft  plastic  substance  and  will 
be  readily  floated  along,  accommodating  themselves  to  the  various 
bends  of  the  tubules.  Looking  to  the  large  size  of  the  convoluted  tub- 
ules as  compared  with  the  loops  of  Henle  which  immediately  succeed 
them,  it  has  been  supposed  that  tube-casts  often  become  impacted  in  the 
latter  and  cause  obstruction  to  the  exit  of  the  urine.  It  is  very  doubt- 
ful, however,  whether  this  takes  place  to  any  considerable  extent,  the 
casts  are  so  soft  and  compressible  that  they  probably  pass  these  smaller 
tubules  very  readily.  It  seems  likely  that  tube-casts  are  often  present 
m  much  larger  numbers  in  the  kidneys  after  death  than  they  have  usu- 
ally been  during  life.    Just  before  death  the  blood-pressure  is  generaUy 
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low,  and  the  secretion  of  urine  diminished,  so  that  the  casts  are  not 
washed  out  as  they  are  during  the  more  vigorous  period  of  life. 

We  have  next  to  consider  the  changes  in  the  heart  and  arteries 
which  are  frequent  concomitants  of  Bright's  disease.  Of  the  structural 
changes  the  most  important  are  hypertrophy  of  the  left  ventricle  of 
the  heart  and  of  the  walls  of  the  vessels,  while  the  increased  tension  in 
the  arteries  is  the  most  important  functional  alteration. 

We  have  already  referred  to  the  hypertrophy  of  the  left  ventricle  of 
the  heart,  and  ascribed  it  to  increase  of  the  arterial  tension.  It  has 
been  held  that  the  hypertrophy  of  the  heart  is  itself  the  cause  of  the 
increased  arterial  tension,  or  at  least  that  it  is  a  concomitant,  but  it 
is  now  generally  acknowledged  that  the  increase  of  the  muscular 
tissue  of  the  heart  is  due  to  an  effort  to  overcome  an  excessive  resistance 
in  the  peripheral  blood-vessels.  There  are  several  difficult  questions 
which  here  come  up  for  consideration.  One  of  these  is  whether  the 
lesions  in  the  kidney  are  sufficient  of  themselves  to  produce  increased 
blood-pressure  in  the  general  systemic  arterial  system.  If  this  ques- 
tion be  answered  in  the  negative,  then  it  has  to  be  decided  whether 
the  changes  in  the  arteries  throughout  the  body  are  consequent  on 
the  kidney-disease,  or  coincident  phenomena  due  to  the  irritant  which 
produces  the  lesions  in  the  kidney. 

Here,  at  the  outset,  it  is  important  to  remark  that  in  these  discussions 
we  have  to  do  with  chronic  Bright's  disease,  that  is  to  say,  with  cases 
in  which  interstitial  changes  have  occurred.  The  changes  occur  most 
typically  with  the  pronounced  cirrhotic  kidney,  but  they  are  also  present 
with  the  large  white  kidney  if  the  interstitial  change  be  at  all  con- 
siderable. The  hypertrophy  of  the  heart  does  not  occur  unless  the 
general  health  of  the  patient  be  sufficiently  good  to  allow  of  the 
muscular  substance  of  the  heart  being  well  nourished.  Hence  it  is 
absent  in  cases  where  the  presence  of  amyloid  disease  indicates  that 
the  blood  is  deteriorated.  It  is  also  absent  in  cases  where  a  profuse 
albuminuria  has  rendered  the  blood  highly  watery. 

Of  late  years  there  has  been  a  tendency  to  regard  the  increased 
arterial  tension  as  due  to  changes  in  the  smaller  arteries  throughout 
the  body,  the  changes  in  the  kidney  being  merely  a  part  of  a  general 
vascular  lesion.  This  view  has  received  its  most  systematic  formula- 
tion in  the  descriptions  by  Gull  and  Sutton  of  the  so-called  arterio- 
CAPILLARY  fibrosis.  Their  view  is  that  in  the  finer  arteries  and 
capillaries  a  development  of  fibrous  tissue  occurs,  and  that  though 
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i  this  may  begin  in  the  kidneys,  it  may  also  take  origin  in  other  organs. 

The  contraction  and  atrophy  of  the  kidneys,  in  this  view,  are  but  part 
(  and  parcel  of  the  general  morbid  change.  We  have  here  then  repre- 
I  sented  a  general  disease  of  the  vessels  as  the  essential  basis  of  chronic 
I  Bright's  disease.  Still  more  lately  Mahomed  has  asserted  the  existence 
j  of  increased  arterial  tension  with  hypertrophy  of  the  left  ventricle  with- 
I  out  any  considerable  disease  of  the  kidney,  and  he  even  speaks  of  a 
I  stage  of  "  chronic  Bright's  disease  without  nephritis." 

As  to  the  arterio-capillary  fibrosis  of  Gull  and  Sutton,  there  are 
i  many  very  competent  observers  who,  after  careful  investigation,  have 

denied  its  existence  altogether.  The  arteries  usually  chosen  for  investi- 
!  gation  are  those  of  the  pia  mater,  and  while  hypertrophy  of  the 
;  muscular  coat  is  generally  acknowledged  to  be  present,  the  thickening 

of  the  external  coat  is  much  more  doubtful.  It  may  be  acknow- 
I  ledged  that  the  walls  of  the  arteries  are  thickened,  however,  and  the 
I  degree  of  thickening  may  be  inferred  from  the  accompanying  figures 
j  (Fig.  277)  from  Dr.  Dickinson's  work  on  Albuminuria.    It  may  quite 


Fig.  277.— Ai-teries  of  the  pia  mater  iu  case  of  gi-aiuilar  kidney  and  in  health.  In  the 
former  the  middle  coat  and,  to  some  extent,  the  external  are  thickened.  (Dickinson.) 


well  be,  however,  that  these  conditions  are  really  the  result  of  increased 
'  tension.  If  the  blood  is  present  in  the  finer  arteries  at  an  increased 
I  pressure,  then  in  order  to  prevent  a  permanent  active  hyperemia  the 
I  muscular  coat  must  contract  more  vigorously,  and  this  will  produce 
a  hypertrophy  of  it.  The  thickening  of  the  external  coat  will  fortify 
the  middle  coat  and  assist  in  keeping  the  circulation  in  proper  con- 
'  dition. 

This  raises  the  important  question  whether  there  is  any  proof  that 
lesions  of  undoubted  renal  origin  ever  produce  increased  arterial 
tension  and  hypertrophy  of  the  heart.  In  order  to  answer  this  ques- 
tion it  is  necessary  to  leave  out  of  account  all  cases  in  which  the  origin 
of  the  kidney  disease  is  obscure,  because  it  may  be  said  that  in  these 


704 


DISEASES  OF  THE  URINARY  ORGANS. 


cases  arterial  changes  have  occurred  simultaneously  elsewhere,  and  had 
a  similar  cause. 

In  answer  to  this  question  various  facts  may  be  adduced.  Dickinson 
refers  to  cases  in  which  distension  of  the  i)elvis  of  the  kidney  from 
stone  has  led  to  the  contracted  kidney  with  all  the  vascular  and  cardiac 
lesions.  Then  there  are  on  record  a  considerable  number  of  cases 
of  double  hydronephrosis  in  which  extreme  hypertrophy  of  the  left 
ventricle  has  been  present.  Eecently  Gravitz  and  Israel  have  pro- 
duced nephritis  in  animals  by  ligaturing  the  renal  artery  on  one  side 
for  one  and  a  half  to  two  hours,  and  then  letting  the  ligature  loose. 
The  consequence  was  similar  to  that  already  referred  to  in  regard  to 
ligature  of  the  arteries  in  the  ear  of  the  rabbit,  namely,  an  acute 
inflammation.  If  the  animal  survived  long  enough  the  inflammation 
resulted  in  contraction  of  the  kidney,  and  in  many  cases  there  was 
hypertrophy  of  the  left  ventricle  of  the  heart.  Here  is  an  undoubted 
case  in  which  disease  artificially  induced  in  one  kidney  has  resulted  in 
hypertrophy  of  the  left  ventricle. 

When  we  consider  that  hypertrophy  of  the  left  ventricle  results  not 
only  from  the  ordinary  chronic  nephritis,  but  also  in  cases  which  have 
begun  acutely  after  scarlet  fever,  and  where  the  condition  presented  is 
that  of  the  large  white  kidney  ;  when  we  see  also  that  a  disease  such  as 
double  hydronephrosis  which  obstructs  the  circulation  in  the  two 
kidneys,  as  well  as  a  shrinking  of  the  kidney  artificially  produced,  are 
followed  by  hypertrophy  of  the  heart,  then  we  seem  forced  to  the  con- 
clusion that  the  increased  arterial  tension  and  hypertrophy  are  really 
due  to  the  disease  in  the  kidneys.  The  general  statement  may  indeed 
be  made  that,  given  a  disease  which  seriousl}-  obstructs  the  capillaries 
and  smaller  arteries  of  both  kidneys,  you  will  have  hypertrophy  of 
the  left  ventricle,  provided  the  person  is  in  a  tolerably  vigorous  state  of 
health. 

That  there  is  a  serious  obstruction  of  the  capillaries  and  small 
arteries  of  the  kidney  in  interstitial  nephritis  does  not  admit  of  ques- 
tion. The  mere  anatomical  details  indicate  this.  We  have  seen  that 
the  uriniferous  tubules,  with  their  surrounding  capillaries,  are  greatly 
destroyed,  and  the  glomeruli  to  a  large  extent  reduced  to  solid  chimps. 
In  addition  to  this  the  result  of  injection  with  coloured  material  shows 
that  there  is  great  impermeability  of  the  capillaries  and  of  the  vessels  of 
the  glomeruK.  This  has  been  proved  in  a  different  way  by  some  im- 
portant observations  of  Thoma.  He  has  injected  at  a  constant  pres- 
sure dilute  solutions  of  common  salt  and  gelatine  into  the  renal  artery 
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in  normal  and  contracted  kidneys,  and  observed  the  amount  which 
!  flowed  out  by  the  veins  in  a  given  time.  In  the  case  of  the  contracted 
i  kidney  the  outflow  per  minute  was  considerably  reduced,  evidently 
:  pointing  to  an  obstruction  in  the  finer  vessels. 

We  have  now  to  point  out  that  the  effect  of  this  obstruction  in  the 
;  capillaries  and  glomeruli  will  be  to  increase  the  blood-pressure  in  the 
I  remaining  arteries  of  the  kidney,  provided  there  is  no  serious  ob- 
;  struction  in  them.  The  endarteritis  which  we  saw  to  exist  in 
1  interstitial  nephritis  narrows  the  calibre  to  some  extent,  but  careful 
1  measurements  by  Thoma  show  that  on  the  average  the  size  of  the 
!  arteries  is  but  very  slightly  diminished,  and  that  in  comparison 

•  with  the  weight  of  the  kidney  the  arteries  are  greatly  larger  than  the 
I  normal.  Under  these  circumstances,  with  a  normal  pressure  in  the 
i  aorta,  there  will  be  an  excessive  pressure  in  the  general  renal  arteries 
;  and  this  pressure  will  tell  on  the  vessels  of  the  glomeruli  which 
I  remain  unobstructed. 

.1  There  are  several  facts  which  indicate  that  the  pressure,  in  the 
!  vessels  of  the  glomeruli  which  remain  pervious,  is  very  excessive.  The 
i  author,  in  a  paper  published  in  1875,  recorded  some  observations 
:  on  injections  of  the  kidneys  in  Bright's  disease.  ^Tien  a  solution 
;  of  gelatine  coloured  with  carmine  was  injected  into  the  renal  artery,  in 
i  cases  of  chronic  Bright's  disease,  it  was  found  that  while  the  capillaries 
were  largely  uninjected,  the  mass  ran  to  a  considerable  extent  from  the 
glomeruli  into  the  convoluted  tubules.    This  would  indicate  an  exces- 

•  sive  pressure  in  the  vessels  of  the  glomeruh.  Then  the  occurrence 
of  blood-corpuscles  in  the  tubules  in  interstitial  nephritis  is  not  infre- 
4uent,  the  blood  being  present  in  the  first  part  of  the  tubules  and 
oljviously  coming  from  the  glomeruli. 

The  excessive  pressure  in  the  glomeruli  is  also  indicated  during  life 
hy  the  large  amount  of  urine  secreted  by  the  contracted  kidney.  The 
increase  in  the  general  arterial  tension,  with  the  h3^pertrophy  of 
the  heart,  doubtless  has  to  do  with  this  increased  flow  of  urine,  but 
when  we  consider  that  in  cases  of  contracted  kidney  there  are  frequently 
only  a  few  glomeruli  still  pervious,  we  may  infer  that  a  very  excessive 
pressure  must  exist  in  their  vessels  in  order  to  produce  this  exceedingly 
;iliundant  flow. 

One  of  Thoma's  observations  is  of  considerable  importance  here.  In 
his  various  experiments,  in  which  gelatine  and  salt  solution  were  in- 
jected into  the  renal  artery,  he  used  a  constant  pressure.  He  desired  to 
obtain  the  pressure  in  the  renal  artery,  and  in  order  to  obtain  this  an- 

2  Y  ^ 


I 


706 


DISEASES  OF  THE  URINARY  ORGANS. 


proximately,  he  connected  the  cannula  inserted  into  that  artery  with  a 
manometer.  He  found  that  while  in  the  normal  kidney  the  pressure 
was  14-5,  in  the  contracted  kidney  it  amounted  to  from  15  to  15-7  cm, 
of  mercury.  There  was  thus,  even  in  the  main  renal  artery,  an  ahnor- 
mally  high  pressure  in  the  contracted  kidney,  and  in  the  finer  arteries 
the  excess  of  pressure  must  have  been  still  greater. 

We  have  now  to  consider  what  bearing  these  facts  have  on  the  ques- 
tion of  increase  of  the  general  arterial  tension.  It  is  clear  that,  though 
the  obstruction  in  the  renal  circulation  is  sufficient  to  raise  the  pressure 
in  the  renal  arteries,  it  alone  is  not  enough  to  raise  it  in  the  general  sys- 
temic arteries,  considering  that  there  are  such  means  of  varying  the 
tension  in  the  arteries  by  relaxing  or  contracting  the  miiscular  coat. 
Ligature  of  the  renal  artery  or  extirpation  of  the  kidney  has  not  been 
found  as  a  rule  to  raise  the  tension,  and  even  ligature  of  the  aorta  at  its 
bifurcation  does  not  raise  it  for  any  considerable  time.  Even  the  view 
of  Cohnheim  cannot  meet  with  general  acceptance,  at  least  in  its  original 
form.  According  to  this  view  anaemia  of  an  organ  must  be  compensated 
either  by  hyperaemia  in  another  organ  or  else  by  loss  of  a  corresponding 
amount  of  blood,  otherwise  a  rise  in  the  blood-pressure  occurs.  When 
one  kidney  is  excised  or  its  artery  ligatured  a  collateral  hypersemia 
occurs  in  the  other  kidney  and  it  undergoes  compensatory  hypertrophy. 
But  when  both  kidneys  are  simultaneously  diseased,  as  in  Bright's  dis- 
ease, there  is  no  organ  to  compensate,  and  if  the  arteries  of  the  kidney 
are  to  admit  as  much  blood  as  normal  there  must  be  a  rise  of  blood- 
pressure  in  them. 

Looking  now  at  the  matter  more  closely,  we  have  seen  that,  in  the 
case  of  the  contracted  kidney,  with  a  normal  pressure  in  the  general 
arterial  system  there  is  a  greatly  increased  pressure  in  the  finer  renal 
arteries,  and  a  considerable  increase  even  in  the  main  renal  artery. 
This  increase  will  be  communicated  to  the  general  systemic  circulation, 
as  the  renal  arteries  are  in  communication  with  the  aorta.    Let  us 
suppose  that  it  is  at  once  compensated  by  a  relaxation  of  many 
arteries  throughout  the  body,  and  the  pressure  falls  to  normal.  But 
even  at  the  normal  pressure  there  is  a  comparative  increase  of  pressure 
in  the  renal  arteries  which  is  again  communicated  to  the  general  circu- 
lation.   So  that  as  soon  as  there  is  a  fall  of  pressure  there  will  he  a 
fresh  renewal  of  the  excessive  pressure  from  the  renal  arteries,  and  it 
will  be  again  raised.    But  if  the  rise  of  pressure  is  not  immediately 
compensated  by  relaxation  of  the  peripheral  arteries  throughout  the 
body,  then  the  blood  passing  into  the  renal  arteries  at  an  excessive  pres- 
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I  sure  will,  in  the  arteries  of  the  kidney,  be  raised  to  a  pressure  still 
,  farther  above  the  normal  for  these  vessels. 

We  have  seen  that  the  arteries  proximal  to  the  glomeruli  are  hardly 
at  all  reduced  in  calibre,  and  with  the  great  obstruction  ahead  we  may 
I  suppose  these  arteries  distended  and  their  walls  reacting  against  the  ex- 
I  cessive  pressure  of  the  blood.    It  is  as  if  at  a  part  of  the  arterial  system 
I  there  were  the  continuous  action  of  an  apparatus  engaged  in  raising  the 
general  pressure  within  this  system. 

On  these  principles  we  can  even  understand  how,  under  certain  cir- 
I  cumstances,  excision  of  one  kidney  may  produce  permanent  increase  of 
i  tension.  After  excision  of  one  kidney  the  arteries  of  the  other  undergo 
a  considerable  relaxation  and  there  is  a  collateral  hypersemia.  An  ex- 
1  cessive  amount  of  blood  reaches  the  glomeruli,  and  it  is  conceivable  that 
:  these  and  the  capillaries  may  be  unable  to  allow  of  the  passage  of  this 
!  excessive  blood  quite  freely.  There  will  be  thus  a  comparative  obstruc- 
.  tion  in  the  glomeruli  and  capillaries  with  increased  pressure  in  the 
j  arteries.  As  a  rule,  this  is  not  sufficient  to  affect  the  general  circula- 
!  tion,  but  according  to  the  experiments  of  Gravitz  and  Israel  extirpation 
of  one  kidney  does  lead  to  hypertrophy  of  the  heart  when  the  other 
'  does  not  fully  compensate. 

By  some  it  may  be  supposed  that,  considering  the  small  capacity  of 
I  the  renal  arteries  as  compared  with  that  of  the  entire  arterial  system, 
the  effects  of  such  a  local  increase  of  pressure  must  be  very  limited  and 
insuflftcient  to  account  for  the  general  rise  in  pressure.    If  this  argu- 
ment be  well  founded  then  we  have  to  look  for  some  permanent 
I  obstruction  in  the  systemic  circulation,  either  in  the  arteries  or  in  the 
:  capillaries,  to  explain  the  increased  tension.    From  what  has  gone  before 
it  is  manifest  that  such  changes,  if  they  exist,  must  be  secondary  to  the 
lesions  in  the  kidney,  and  are  to  be  probably  referred  to  changes  in  the 
(  constitution  of  the  blood  causing  morbid  effects  in  the  arteries  and 
I  capillaries.    We  may  even  suppose  that  the  altered  blood  has  greater 
;  difficulty  in  passing  through  the  capillaries  generally  than  normal,  and 
•  this  would  produce  increase  of  tension  in  the  arteries. 

'  SEPTIC  INFLAMMATIONS  OF  THE  KIDNEY. 

These  are  such  as  are  induced  by  the  presence  in  the  organ  of  septic 
organisms.  There  are  two  important  classes  of  cases ;  in  one  the  source 
of  the  organisms  is  outside  the  urinary  organs,  the  septic  material  being 
brought  by  the  blood ;  in  the  other  the  source  of  the  organisms  is  de- 
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composition  of  the  urine  in  the  bladder,  and  they  are  propagated  up 
from  the  hitter. 

We  have  ah-eady  seen  that  in  pyemia  and  ulcerative  endocar- 
ditis pieces  of  fibrine  or  other  material  may  be  carried  to  the  kidneys 
and  produce  embolism  there.  In  this  way  arise  metastatic  abscesses. 
For  the  most  part  the  emboli  are  small  and  are  carried  to  the  ascending 
arteries  or  the  glomeruli  before  they  stick.  Hence  the  abscesses  are 
mostly  in  the  cortical  substance,  although  they  are  not  infrequently 
seen  in  the  pyramids  along  the  course  of  the  arteriai  rectse,  and  there 
may  even  be  large  ones  taking  in  portions  both  of  pyramids  and  cortex. 
The  abscesses  are  usually  elongated  in  the  direction  of  the  arteries,  and 
they  often  project  slightly  from  the  surface  when  the  capsule  is  re- 
moved. They  are  frequently  present  in  considerable  numbers  in  both 
kidneys. 


Fig.  2V8.— From  a  section  of  the  kidney  in  ulcerative  endocarditis.  An 
artery  is  plugged  with  dark  material  which  contains  micrococci.  In  the 
nei"-hbourhood  of  the  plug  the  wall  of  the  artery  is  necrosed.  Leucocytes 
arelufiltrating  the  tissue  around,  and  extending  through  the  vessel  waU. 
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of  them  out  with  a  dark 
granular  mass,  and  also 


Under  the  microscope  it  can  be  seen  that  the  abscesses  arise  by  ob- 
struction of  the  arteries  (see  Fig.  278).  Where  the  embolism  has  been 
recent  the  wall  of  the  vessel  and  the  tissue  in  the  immediate  neighbour- 
hood of  the  embolus  present  evidences  of  necrosis,  while  around  there 
are  multitudes  of  leucocytes  occupying  the  interstitial  tissue.  In  the 
embolus  there  are  colonies  of  bacteria  in  the  midst  of  remains  of  the 
transported  fibrine.  When  the  abscess  has  fully  formed,  these  characters 
may  be  lost  in  the  great  multiphcation  of  leucocytes.  Besides  in  the 
arteries  colonies  of  bacteria  are  to  be  found  in  the  vessels  of  the  glom- 
eruli, sometimes  filling  many 

'/ 

m 

the  capillaries.    It  is  some- 
times to  be  seen  that  these 
colonies  are  present  in  the 
glomeruli    and  capillaries 
without  signs  of  inflamma- 
tion around     In  such  cases 
they  are  of  recent  growth 
and  have  not  had  time  to 
produce    inflammation  by 
giving   off  irritating  pro- 
ducts.   To  some  extent  the 
bacteria  may  multiply  in  the 
glomeruli  and  capillaries  af- 
ter death. 

The  bacteria  found  in 
these  cases,  as  probably  in 
all  septic  inflammations,  are 
MICROCOCCI  (see  Fig.  279). 

In  cases  of  scarlet  fever 
colonies  of  bacteria  are  some- 
times to  be  seen  in  the  capil- 
laries and  uriniferous  tubules 
of  the  kidney  (Fig.  280). 
They  are  not  evidently  ac- 
companied by  local  inflam- 
mation, and  it  is  not  improbable  that  we  have  here  to  do  with  the 
specific  organisms  of  the  fever,  which  have  been  sparsely  present  in 
the  kidney  at  the  time  of  death- perhaps  in  process  of  excretion- 
and  have  multipled  into  colonies  after  death. 


Fig.  2(9.— Micrococci  in  a  capillary  (6)  of  the  kidney 
from  a  case  of  pyaimia.  There  is  a  tubule  on  either 
side,  the  nuclei  of  whose  epithelium  (a,  «)  are  visible 
except  in  the  neio^hbourhood  of  the  micrococci  where 
they  seem  to  be  destroyed,    x  (joO. 


distending  a  capillary  blood-vessel 
m  a  case  of  scaiiet  fever,    x  350. 
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Pyelonephritis. — The  other  kind  of  septic  inflammation  arises  in 
connection  with  inflammation  in  the  bladder,  ureter  and  pelvis  of  the 
kidney.  As  the  inflammation  of  pelvis  and  kidney  is  continuous  the 
condition  is  often  designated  pyelonephritis,  which  means  a  combined 
inflammation  of  these  two.  The  inflammation  in  all  these  parts  k 
septic,  due  to  the  action  of  bacteria  producing  decomposition  of 
the  urine.  We  shall  have  to  study  afterwards  the  condition  of  tli(i 
bladder,  ureters,  and  pelvis  in  these  cases,  but  meanwhile  we  have 
to  note  that  the  organisms  may  propagate  themselves  into  the  kidne}' 
tissue.  For  the  most  part  they  enter  the  tubules  from  the  pelvis 
of  the  kidney,  and  are  to  be  found  forming  the  usual  colonies  inside  thf- 
tubules,  although  sometimes  the  alterations  in  the  tissue  are  such  that 
it  is  difficult  to  determine  whether  the  organisms  are  in  the  tubules  oi 
in  capillary  blood-vessels,  especially  as  the  epithelium  is  often  necrosed 
and  overwhelmed  with  bacteria. 

Besides  this  regular  path  of  entrance  the  organisms  may  penetra 
from  the  ureter  or  bladder  into  the  loose  connective  tissue  around,  and 
this  is  continuous  with  that  around  the  kidney  they  may  propagate  u 
to  the  capsule  of  the  kidney,  producing  abscesses  there  (perinephri 
abscesses),  as  well  as  penetrating  into  the  kidney  from  the  surface  an 
forming  abscesses  in  it.    This  mode  of  travel  has  been  followed  out  Ir 
Dr.  Steven  in  a  case  which  came  under  observation  here. 

The  septic  material  in  the  tubules  affects  the  renal  epithelium  mos 
directly,  causing  necrosis  and  disintegration  of  it.  But  the  dissolved 
products  extend  beyond  the  tubules  and  set  up  an  acute  inflamma- 
tion of  the  kidney  substance.  The  inflammation  may  be  tolerabl}- 
homogeneous,  the  leucocytes  infiltrating  the  whole  interstitial  tissue, 
and  appearing  also  in  the  uriniferous  tubules.  But  as  a  rule  there  are 
special  foci,  in  which  it  goes  on  to  suppuration,  resulting  in  the  forma- 
tion of  small  abscesses.  When  the  abscesses  have  formed  it  is  usually- 
difficult  any  longer  to  find  the  bacteria. 

The  appearance  of  the  kidneys  in  such  cases  is  usually  sufficiently 
distinctive.  It  often  happens  that  only  one  kidney  is  affected,  the 
septic  process  having  extended  up  one  ureter  and  not  the  other.  In 
this  respect  this  disease  differs  from  the  preceding  one,  where  the 
metastatic  abscesses  are  always  present  in  both  kidneys.  The  kidney 
is  greatly  enlarged,  and,  generally  with  signs  of  inflammation  of 
the  pelvis,  there  are  numerous  small  yellow  points  and  abscesses  in 
the  kidney  tissue.  The  abscesses  are  in  the  form  of  elongated  streaks 
the  direction  from  pelvis  to  surface,  and  they  are  present  as  well  m 
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the  pyramids  as  the  cortex.  They  are  sometimes  in  groups,  and  we  may 
have  such  groups  visible,  projecting  from  the  surface,  when  the  capsule 
is  removed. 

As  a  general  rule  the  patient  dies  with  these  miliary  abscesses  in  the 
kidney,  but  if  only  one  kidney  is  involved  he  may  survive  and  the 
process  assume  a  fiirther  development.  The  abscesses,  by  fresh  invasion 
of  bacteria,  may  multiply  and  coalesce.  In  this  way  abscesses  of  large 
size  may  form,  finally,  perhaps,  involving  the  entire  kidney  out  to  its 
capsule.  The  abscess  may  even  increase  in  size  after  the  whole  kidney 
is  destroyed,  and  form  a  bulky  tumour.  The  suppuration  may  extend 
beyond  the  kidney  and  lead  to  perinephric  abscess.  Perforation  some 
times  occurs  externally,  or  into  a  neighbouring  loop  of  iMestine. 

Sometimes  these  abscesses  have  no  communication  with  the  pelvis 
throughout  their  course.  But  not  infrequently  they  are  associated  with 
and  originate  in  suppuration  in  the  pelvis.  In  that  case  the  destruction 
of  the  renal  tissue  proceeds  in  a  more  regular  manner  out  from  the 
pelvis,  following  the  arrangement  of  the  calyces  to  a  large  extent.  In 
this  way  the  abscess  may  be  divided  by  partial  septa,  and  the  kidney 
may  come  to  have  an  appearance  like  that  in  hydronephrosis,  but  in  this 
case  pus  fills  the  cyst — pyonephrosis. 

With  this  great  production  of  pus,  or  after  it  has  attained  its  height, 
there  may  be  production  of  cicatricial  connective  tissue,  limiting  the 
abscesses,  and  by  its  contraction  producing  sometimes  considerable 
deformity.  If  the  production  of  pus  ceases  the  abscesses  may  dry 
in,  and  Ave  may  have  the  cavities  filled  with  a  pultaceous  material  from 
fatty  and  calcareous  deposition.  Sometimes  the  cavities  of  the  abscesses 
contract  greatly,  and  there  may  remain  simply  a  shrunken  kidney  with 
some  cavities  in  which  are  pieces  of  chalky  substance  or  pultaceous 
material.  It  Avill  be  understood  that  these  abscesses  very  often  do  not 
communicate  with  the  pelvis,  and  that  when  they  do  the  shape  of  the 
kidney  is  much  better  retained.  In  the  shrunken  kidneys  there  is  often 
considerable  obliteration  of  the  pelvis  from  inflammatory  adhesion. 

Pyelitis. — This  name  is  given  to  inflammation  of  the  pelvis  of  the 
kidney,  and  it  is  very  frequently  associated  with  inflammation  of  the 
kidney  itself.  Even  in  acute  Bright's  disease  there  is  often  some 
inflammatory  congestion  of  the  pelvis  of  the  kidney,  and  inflammations 
originating  in  the  pelvis  frequently  spread  to  the  kidney  proper.  In- 
flammation of  the  pelvis  is  very  frequently  septic,  and  in  that  case,  as  we 
have  seen,  it  may  associate  itself  with  a  septic  inflammation  of  the 
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kidney,  and  go  on  to  jjyclonephritis.  Sometimes  the  inflammation 
of  the  pelvis  is  particularly  violent,  so  as  to  assume  a  necrotic  character, 
going  rapidly  on  to  suppurative  nephritis,  and  perinephritis. 

Pyelitis  is  sometimes  set  up  by  the  irritation  of  calculi  in  the 
pelvis.  It  is  here  for  the  most  part  a  chronic  inflammation.  Chronic 
inflammation  may  also  occur  as  the  result  of  stagnation  of  urine  from 
obstruction  in  the  urinary  passages.  The  mucous  membrane  is  thickened, 
sometimes  showing  even  irregular  projections,  and  is  not  infrequently 
incrusted  with  phosphates  from  the  stagnating  urine.  In  this  way 
calculi  may  form,  and  it  may  be  difficult  to  say  whether  an  existing 
calculus  is  the  cause  or  the  effect  of  the  inflammation. 


EETROGEADE  CHANGES  IN  THE  KIDNEYS. 

Some  of  these  occur,  as  we  have  seen,  in  the  renal  epithelium  in 
Bright's  disease,  chiefly  cloudy  swelling  and  fatty  degeneration,  but  we 
have  here  to  do  with  such  as  are  met  with  more  independently. 

Simple  atrophy  occurs  mostly  as  one  of  the  phenomena  of  old 
AGE.  The  whole  structures  of  the  kidneys  undergo  diminution  in  size, 
but  very  often  this  affects  especially  the  secreting  epithelium  of  the  con- 
voluted tubules.    If  this  be  the  case  there  may  be  a  special  shrinking 

of  the  cortex,  and  the  kidneys  may 
be  like  those  of  chronic  Bright's 
disease.  Sometimes  also  the  sur- 
face is  granular  and  the  capsule 
adherent. 

Parenchymatous  infiltra- 
tion, or  cloudy  swelHng,  must  be 
remembered  as  liable  to  occur  in 
acute  febrile  diseases.  There  is  a 
general  enlargement  of  the  renal 
epithelium  with  infiltration  of  fine 
granules  in  the  midst  of  wliich  fine 
fat  drops  are  scattered.  (Fig.  281.) 
The  pyramidal  tubules  as  Avell  as 

Fig.  2Sl.-Cloucly  swelling  of  renal  epithelium.  thoSC  of  the  COrtCX  are  iuvolved, 
The  cells  are  enlarg:ed  and  iilled  with  fine  granules,  ,  r,(Ypcf\on  boiuo-  USUallv  homO- 
in  addition  to  which  there  are  occasional  minute  tue  anectlUU  uviu^  uouaiij 

oil  drops.  X  350.  gcucous.    It  is  important  to  note 

that  this  condition  may  produce  considerable  enlargement  of  the  kidney 
without  obvious  change  in  its  structure  to  the  naked  eye. 
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Fatty  degeneration  of  the  renal  epithelium  is  not  infrequently- 
present  in  cachectic  conditions  such  as  advanced  phthisis  pulmonalis,  m 
which,  however,  it  is  often  associated  with  amyloid  disease  or  interstitial 
nephritis.  In  severe  anaemias  it  is  also  met  with  along  with  fatty 
degeneration  of  the  muscular  substance  of  the  heart.  It  occurs,  too,  m 
acute  yellow  atrophy  of  the  liver. 

Amyloid  degeneration  of  the  kidney  develops,  as  we  have 
already  seen,  along  with  amyloid  disease  in  other  organs  in  consequence 
of  certain  altered  states  of  the  blood.  As  in  other  situations  so  here  it 
is  chiefly  the  walls  of  the  blood-vessels  which  are  affected. 

Even  in  ver}'-  early  cases,  in  which  the  amount  of  amyloid  disease  is 
slight  we  usually  find  it  in  two  distinct  and  separate  structures,  namely, 
the  Malpighian  tufts  and  the  arterise  rectae  of  the  pyramids.  The 
vessels  of  the  tufts,  generally  along  with  the  arteries  leading  to  them, 
are  swelled  up  and  hyaline.  The  rose  colour  developed  with  methyl- 
violet  is  so  striking  that  in  sections  stained  with  this  dye  it  often  looks 
as  if  the  tufts  were  injected.  They  are  also  considerably  enlarged,  and 
€ven  without  the  addition  of  iodine  or  methylviolet  they  form  very  promi- 
nent, transparent  and  glancing  clumps  in  the  cortex.  The  arteriee  rectse 
run,  as  we  have  seen,  in  bunches,  and  their  appearance  with  methyl- 
violet  is  that  of  a  series  of  rose-coloured  tubes.  They  are  also  sufli- 
ciently  pronounced  as  a  rule  without  any  reagent,  appearing  as  pearly 
glancing  tubes. 

While  these  structures  are  first  and  chiefly  involved,  others  usually 
follow.  There  is  amyloid  disease  extensively  present  in  the  arteries 
of  the  cortex,  the  ascending  and  aff"erent  arteries.  Very  often  there  is 
here  and  there  a  capillary  of  the  cortex  aff'ected,  and  sometimes  these 
are  extensively  so  even  in  comparatively  slight  cases.  Lastly  the 
basement  membrane  of  the  tubules  may  become  amyloid,  chiefly  in  the 
cortical  substance.    (See  Fig.  282.) 

Along  with  the  amyloid  disease  of  the  vessels  there  is  usually  fatty 
degeneration  of  the  epithelium  of  the  tubules,  apparently  the  result  of 
anaemia  from  the  obstruction  of  the  vessels. 

There  is  also  very  often  interstitial  inflammation  present,  and  it  is 
frequently  so  great  as  to  present  a  combination  of  the  amyloid  and  con- 
tracted kidney.  Fig.  28.3  shows  a  microscopic  section  of  such  a 
kidney  in  which  the  amyloid  glomeruli  are  brought  close  together  by 
contraction  and  destruction  of  the  tubules. 

This  combination  of  contracted  and  amyloid  kidney  is  sometimes  met 
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with  in  syphilis,  the  virus  of  which  may  he  the  cause  of  the  interstitial 
inflammation.  Again  in  phthisis  pulmonalis,  and  in  extensive  sup- 
purations from  diseased  bone,  there  may  readily  occur  an  absorption  of 


Fi^.  282. — Amyloid  degeneration  of  the  basement  membrane  of 
uriniferous  tubules.  The  thickened  and  translucent  basement 
membrane  is  shown  with  the  renal  epithelium  inside.  ^  x  350 


Fig.  283.— Amyloid  and  contracted  kidney.  The  highly  amy- 
loid and  therefore  greatly  enlarged  Malpighian  tufts  are  shown, 
their  capsules  being  somewhat  thickened.  The  tufts  are  very 
unduly  close  together,  owing  to  contraction  of  the  inter\  ennig 
tissue.  Between  them  there  is  round-cell  tissue  with  reniams  of 
tubules.    X  85. 

irritating  materials  which  are  capable  of  setting  up  inflammation.  The 
contracted  amyloid  kidney  is  not  accompanied  by  hypertrophy  of  the 
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heart,  the  reason  apparently  being  that,  as  the  blood  is  deteriorated,  the 
compensatory  groAvth  of  muscular  tissue  can  scarcely  occur. 

In  regard  to  the  naked-eye  appearances,  the  simple  amyloid 
kidney  is  enlarged,  and  sometimes  greatly  enlarged,  so  that  the  organ 
weighs  nine  or  ten  ounces.  The  surface  is  pale  and  the  capsule 
comes  off  easily.  On  section  the  cortex  is  seen  to  be  thickened  and  pale 
in  colour.  The  general  appearance  therefore  resembles  that  of  the 
large  white  kidney,  and  doubtless  many  cases  have  been  mistaken  for 
that.  But  the  organ  in  amyloid  disease  has  a  firm  elastic  feehng  and  a 
transparent  bacony  appearance  on  section,  which  is  distinctive  enough. 
The  thick  pale  transparent  cortex  usually  contrasts  with  the  reddei- 
but  still  tolerably  firm  pyramidal  substance,  and  the  appearance  has 
been  somewhat  aptly  compared  to  the  section  of  bacon  ham.  The 
name  lardaceous  kidney  is  often  applied  from  the  transparent  appear- 
ance of  the  tissue.  In  the  midst  of  the  transparent  basis  opaque  yellow 
streaks  are  often  visible,  from  the  fatty  degeneration  of  the  epithelium. 
The  addition  of  a  solution  of  iodine  to  the  cut  surface  of  such  a  kidney 
brings  out  the  afi"ected  glomeruli  as  brown  dots  and  the  arteriai  rectse 
as  brown  streaks.  If  the  kidney  be  contracted,  the  granulations  on  the 
surface  show  the  usual  transparent  waxy  appearance  of  the  amyloid 
kidney,  and  on  section  the  cortex  though  greatly  thinned  shows  a 
similar  condition. 

The  amyloid  substance  apparently  allows  fluid  to  pass  through 
it  more  readily  than  ordinary  albuminous  structures.  Injection  of  the 
amyloid  kidney  shows  that  the  vessels  of  the  glomeruli  and  the  arteries 
of  the  cortex  are  largely  obstructed.  It  may  well  be  that  this  leads  to 
increased  blood-pressure  in  the  remaining  arteries,  but  with  the  general 
narrowing  of  the  smaller  arteries  this  can  hardly  tell  with  much  force 
on  the  glomeruli  which  remain  pervious.  The  excessive  secretion  of 
urine,  like  the  diarrhoea  which  is  a  prominent  symptom  in  amyloid 
disease  of  the  intestine,  is  probably  to  be  accounted  for  by  a  greatly 
increased  transudability  of  the  vessels. 

CONCEETIONS  AND  CALCULI  IN  THE  KIDNEY. 

Two  very  interesting  forms  of  deposition  in  the  tubules  are  met 
with  in  new-born  children.  In  the  common  icterus  of  the  new-born 
the  biliary  colouring  matter  (bilirubin)  is  excreted,  as  in  the  adult, 
by  the  kidneys,  but  in  the  new-born  it  very  readily  passes  into  the 
crystalhne  form,  so  that  round  or  rhombic  orange-coloured  crystals  are 


710 


DISEASES  OF  THE  URINARY  ORGANS. 


found  in  the  pyramidal  tubules,  sometimes  in  such  numbers  as  to 
warrant  the  designation  bilirubin-infarction.  Similar  crystals  are  found 
in  the  blood  and  tissues  of  the  body.  Uric  acid  is  found  in  the  tubules 
of  new-born  children,  in  about  half  the  cases  of  those  which  die  within 
the  first  few  weeks.  It  is  mostly  in  children  who  have  breathed  that 
the  crystals  are  met  with,  but  they  have  been  observed  in  still-bom 
children,  although  very  rarely.  The  concretions  consist  of  salts  of  uric 
acid  (mostly  urate  of  ammonia),  and  they  are  deposited  mainly  in  the 
tubules  near  the  apices  of  the  pyramids,  giving  the  appearance  of 
opaque  yellow  or  reddish  streaks,  converging  to  the  apex  of  the 
pyramid.  Under  the  microscope  amorphous  urates  are  seen  in  the 
tubules,  and  when  acetic  acid  is  applied  these  dissolve  and  form 
crystals  of  uric  acid. 

Urates  are  also  deposited  in  the  substance  of  the  kidney  in  gout. 
In  that  disease  salts  of  uric  acid  (urate  of  soda)  are  deposited  as  we 
have  seen  in  the  fibrous  and  cartilaginous  structures  in  the  joints,  but 
they  may  also  appear  in  crystalline  masses  in  the  kidney.  These  lie  in 
the  thickened  connective  tissue  of  the  contracted  kidney. 

Lime  salts  are  sometimes  deposited  in  the  straight  tubules  of  the 
pyramids,  especially  in  cases  where  from  disease  of  bone  there  is  exces- 
sive absorption  of  lime  salts  and  excretion  of  them  by  the  urine.  The 
appearance  presented  is  that  of  white  streaks  usually  near  the  ajjices  of 
the  pyramids.  It  is  to  be  observed,  however,  that  a  deposition  of 
urates  occurring  after  death  in  the  straight  tubules  may  produce  a 
somewhat  similar  appearance. 

Calculi  are  of  frequent  occurrence  in  the  pelvis  of  the  kidnej^ 
As  we  have  seen,  they  may  originate  from  chronic  pyelitis,  especially 
with  stagnation  of  urine,  but  they  may  apparentl}^  originate  in  the 
uriniferous  tubules,  and  having  passed  into  the  pelvis  grow  larger  there. 
They  sometimes  attain  to  very  large  dimensions,  moulding  themselves 
into  the  shape  of  the  pelvis  and  calices,  so  that  we  may  have  branches 
extending  out  into  elongated  recesses  formed  by  dilated  calices.  By 
obstructing  the  flow  of  urine  these  calculi  may  lead  to  the  occurrence  of 
hydronephrosis,  and  as  the  cavity  of  the  pelvis  and  calices  enlarges  so 
may  the  calculus.  A  small  calculus  will  often  pass  into  the  ureter  and 
obstruct  it,  in  this  way  leading  to  hydronephrosis. 
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SYPHILIS  AND  TUBEECULOSIS  OF  THE  KIDNEY. 

Syphilitic  Disease  is  rare  in  the  kidney  unless  it  be  that  some 
cases  of  contracted  kidney  from  interstitial  nephritis  are  due  to  this 
cause.    Gummata  have  been  found  in  a  very  few  cases. 

Tuberculosis  occurs  as  part  of  a  general  tuberculosis  or  as  a  local 
disease.  In  acute  miliary  tuberculosis  there  are  usually  numerous 
tubercles  scattered  throughout  the  kidney.  These  mostly  occur  in 
groups  visible  to  the  naked  eye,  and  they  may  even  assume  considerable 
•  dimensions.  They  are  most  abundant  in  the  cortex,  and  they  are  prone 
to  become  caseous. 

Local  Tuberculosis  gives  rise  to  the  condition  frequently  called 
renal  phthisis.  The  tuberculosis  here  is  often  propagated  from  the 
bladder  and  ureter,  and  may  even  originate  in  the  passages  of  the  organs 
of  generation,  as  the  vas  deferens  and  vesiculse  seminales.  On  the  other 
hand  it  very  often  originates  in  the  kidney,  and  extends  down  the 
ureter.  The  disease  is  usually  of  one  kidney,  or  at  least  involves  one 
much  more  than  the  other. 

It  may  begin  in  the  pelvis  of  the  kidney,  in  the  calices,  or  at  the 
apices  of  the  papillje,  and  there  are  the  usual  phenomena  of  tubercular 
ulceration.  Tubercles  are  formed  which,  become  caseous  and  break 
down  so  as  to  form  an  ulcer.  Fresh  tubercles  form  outside  the  ulcer 
which  undergo  the  same  process  and  produce  an  extension  of  the  ulcer. 
There  is  thus  a  continually  extending  ulceration,  and  a  continually 
growing  irregular  cavity.  But  the  extension  of  the  ulcers  occurs  mainly 
into  the  kidney  tissue,  advancing  here  apparently  by  reason  of  the  less 
resistance  of  the  tissue.  We  have  already  seen  that  the  papillae  are 
often  attacked  at  the  very  first,  and  the  ulceration  extends  into  the 
pyramids,  sometimes  eating  its  way  a  considerable  distance  in  If 
several  papillse  have  been  attacked,  then  we  may  have  several  ra-ged 
pouches  extending  out  from  the  pelvis  hke  prolongations  of  the  calices 
or  even  the  whole  kidney  may  be  converted  into  an  irregular  cavity 
divided  by  partial  septa.  This  condition  is  to  be  distinguished  from 
pyelonephrosis,  chiefly  by  the  irregular  ulcerated  surface  and  the 
presence  of  broken-down  caseous  material. 

Under  the  microscope  the  kidney  tissue  around  the  ulcer  will  be 
found  infiltrated  with  round  cells,  in  the  midst  of  which  tubercles  in 
various  stages  of  alteration  will  be  discovered.  The  proper  secreting 
tissue  withm  this  area  will  be  pushed  aside  and  greatly  destroyed 
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The  tubercular  ulceration  affects  the  pelvis  of  the  kidney,  and  usually 
the  ureter.  Their  walls  are  thickened  and  infiltrated.  In  the  case  of 
the  ureter  the  caseous  material,  instead  of  softening  and  discharging,  may 
remain  as  a  dense  yellow  layer  lining  the  greatly  thickened  tuhe.  The 
wall  of  the  tube  shows  multitudes  of  inflammatory  round  cells  in  the 
midst  of  which  tubercles  appear,  but  their  outlines  are  frequently  ob- 
scured by  the  round  cells.  The  existence  of  giant-cells  at  intervals  may 
indicate  their  presence. 

HYDEONEPHROSIS. 

In  this  condition  there  is  a  dilatation  of  the  pelvis  and  the  calices 
of  the  kidney,  as  a  result  of  obstruction  of  the  ureter  or  urethra.  The 
obstruction  occurs  in  a  considerable  variety  of  ways.    It  may  be  con- 
genital, and  is  then  usually  in  the  urethra,  in  which  case  there  is, 
dilatation  of  bladder,  ureters,  and  pelves.     Acquired  stricture  of  the 
urethra  is  a  less  frequent  cause,  as  it  tends  rather  to  produce  dilatation 
and  hypertrophy  of  the  urinary  bladder.    A  very  frequent  cause  is  ob- 
struction of  the  ureter,  and  this  itself  is  brought  about  very  variously ; 
as  by  a  calculus  descending  from  the  pelvis,  a  tumour  pressing  on  the 
ureter  in  some  part  of  its  course,  a  hydatid  cyst  bursting  into  the 
pelvis  of  the  kidney,  even  a  renal  artery  taking  an  abnormal  course  and 
crossing  in  front  of  the  ureter  below  the  pelvis.    Sometimes  the  ureter 
does  not,  as  in  the  normal  condition,  form  a  continuation  of  the  pelvis, 
but  starts  from  it  at  an  acute  angle,  passing  obliquely  through  its  wal 
very  much  as  the  lower  end  of  the  ureter  passes  into  the  bladder.  I 
that  case,  distension  of  the  pelvis  valves  the  upper  orifice,  and^th 
valve  may  be  only  relieved  when  great  dilatation  is  reached.  Thi 
obstruction  will  be  intermittent.    Again,  an  abrupt  bend  in  the  urete 
sometimes  causes  obstruction ;  this  may  be  from  a  congenital  convolu 
tion  in  its  course,  or  the  ureter  may  turn  more  abruptly  than  usual  ove 
the  brim  of  the  bony  pelvis,  if  the  edge  here  be  unusually  sharp.  Sue 
a  sharp  edge  may  be  formed  by  the  iliac  arteries  at  the  brim  of  t^ 
pelvis,  when  the  tissues  which  naturallj^  pad  them  are  atrophied,  as  i 
cases  of  general  emaciation.    It  appears  from  this  last  instance  that 
comparatively  small  external  pressure  may  obstruct  the  ureter,  an 
that  the  urine  in  the  pelvis  and  ureter  is  at  such  a  low  pressure  as  t 
be  incapable  of  overcoming  a  comparatively  slight  resistance. 

As  already  seen,  the  result  of  the  obstruction  is  dilatation  of  t 
pelvis  and  calices  (Fig.  284),  but  in  addition  there  is  frequently  a  co 
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Fig.  284.— Kidney  in  hydronephrosis. 
The  pelvis  and  calices  are  gi-eatly  dilated 
and  the  renal  tissue  reduced  to  a  thin 
layer.  (Virchow.) 


siclerable  destruction  of  renal  tissue.    That  is  to  say,  the  calices  in  dilat- 
ing cause  atrophy,  first  of  the  papillae  which  project  into  them,  and  then 
of  the  pyramidal  portion  of  the  kidney,  advancing  into  the  deeper 
parts  of  the  organ.     We  thus  some- 
times find  the  pyramids  as  if  cut  ab- 
ruptly across  transversely.     But  the 
condition  frequently  advances  still  fur- 
ther.    The  dilated  calices  increase  in 
volume  till,  in  the  most  extreme  case, 
the  kidney  is   replaced  by   a  cyst 
.  which  represents  dilated  pelvis  and 
cahces,  partitions  existing  in  it  corres. 
ponding  to  the  divisions  between  the 
cahces.    When  this  has  occurred,  the 
cyst  may  go  on  enlarging  so  as  to  form 
a  tumour  of  great  bulk.     The  ureter 
is  also  dilated,  often  very  greatly,  so  as 
to  look  like  a  piece  of  small  intestine. 
It  sometimes  becomes  convoluted  in  its 
course  as  well. 

It  IS  not  in  every  case  quite  apparent  what  circumstances  determine 
the  degree  of  hydronephrosis.  With  complete  obstruction  we  may  have 
a  moderate  dilatation,  and  with  an  apparently  trivial  obstruction  it  may 
be  much  more  considerable.  In  order  to  understand  how  this  may  be 
it  will  be  necessary  to  refer  to  the  course  of  events  when  the  ureter  is 
obstructed. 

The  ureter  has  been  ligatured  in  animals  and  the  processes  observed. 
The  first  result  is  dilatation  of  the  pelvis  and  of  the  ureter  above  the 
ligature.  The  tension  of  the  urine  in  the  ureter  also  rises  up  to  a  cer- 
tain point,  which,  however,  is  far  below  the  blood-pressure.  When  this 
point  is  reached  the  full  extent  of  the  distensile  force  derived  from  the 
secretion  of  the  urine  is  attained.  The  secretion  of  urine,  consisting  in 
the  transudation  of  a  watery  fluid  through  the  vessels  of  the  glomendi 
IS  due  to  the  difference  in  pressure  between  the  blood  in  the  tufts  and 
the  fluid  m  the  tubules,  and  when  the  pressure  in  the  tubules  is  raised 
the  jcretion  of  urine  ceases  as  soon  as  a  state  of  equihbrium  is  brought 

There  are,  however,  two  elements  in  the  problem  still  to  be  con- 
sidered In  cases  where  the  ureter  has  been  ligatured  in  animals  the 
actual  dilatation  of  the  pelvis  and  calices  has  been  comparatively  slight 
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the  state  of  equilibrium  of  tension  being  easily  reached.  In  cases  met 
with  in  the  human  subject  it  appears  also  that  where  the  obstruction  is 
complete  the  hydronej)hrosis  is  generally  much  less  considerable  than 
where  the  obstruction  is  incom])lete  or  is  relieved  at  intervals.  The  ex- 
treme dilatation  which  constitutes  a  complete  hydronephrosis  may  be  met 
with,  for  instance,  in  cases  where  the  ureter  has  an  abnormal  insertion 
into  the  pelvis,  and  the  urine  only  gets  out  when  the  dilatation  has 
reached  a  certain  point,  or  where  the  ureter  has  a  sudden  bend  in  it, 
and  the  obstruction  is  overcome  when  the  dilatation  is  sufficient,  as  it 
were,  to  round  out  the  bend ;  or  again,  where  the  pressure  of  a  tumour 
causes  an  occasional  obstruction.  The  explanation  of  this  seems  to  be 
that  when  the  obstruction  is  complete  the  pressure  of  the  fluid  in  the 
dilated  pelvis  soon  causes  considerable  obstruction  of  the  renal  vessels, 
and  the  power  of  secretion  is  reduced.  But  if  at  times  an  outlet  is 
formed  for  the  urine  and  the  pressure  is  suddenly  reduced,  there  will  be 
a  rehef  of  the  vessels  in  the  kidney  and  a  violent  hypersemia  leading  to 
an  excessive  secretion  of  urine.  As  a  matter  of  fact  the  sudden  rehef 
of  an  obstruction  of  the  ureter  has  been  found  to  be  followed  by  an 
excessive  secretion  of  urine  which  contained  albumen.  Where  then 
there  are  such  repeated  sudden  collapses  and  dilatations  the  advance  of 
the  hydronephrosis  is  much  more  complete. 

At  first  the  dilated  pelvis  and  cahces  contain  urine,  but  as  the  con- 
dition gets  fully  established  the  urinary  constituents  become  absorbed 
and  a  watery  albuminous  fluid  is  found.  Sometimes  the  dilatation  is 
due  to  a  calculus  in  the  pelvis  of  the  kidney,  and  in  that  case  there  may 
be  inflammation,  possibly  with  suppuration.  If  pus  fills  the  cyst  then 
the  condition  is  designated  pyonephrosis. 

It  sometimes  happens  that  where  a  prolonged  obstruction  has  ex- 
isted the  external  fatty  capsule  of  the  kidney  is  greatly  thickened, 
while  only  a  moderate  hydronephrosis  exists,  the  external  outhne  of 
the  organ  being  not  at  all  increased.  It  is  not  unhkely  that  an  oedema 
of  the'^capsule  following  the  obstruction  of  the  ureter  may  be  the  cause 
of  this  great  new-formation  of  fat  by  affording  an  extra  supply  o 
nourishing  fluid,  or  perhaps  by  acting  as  a  prolonged  irritant. 

We  sometimes  meet  with  cases  resembling  hydronephrosis,  but  i 
which  some  of  the  cysts,  representing  dilated  calices,  do  not  com 
municate  with  the  pelvis,  but  form  independent  cysts.    This  occir 
when  from  inflammation  there  has  been  partial  or  complete  obhteration  o 
the  pelvis     The  inflammation  may  be  caused  by  the  presence  of  calculi 
in  the  pelvis,  and  some  of  the  cysts  may  contain  calculi.    Again,  an 
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inflammation  of  the  pelvis  may  extend  to  a  dilated  calyx,  which,  with 
others,  is  afterwards  shut  off  by  adhesion  and  obliteration  of  the  pelvis. 
In  that  case  we  may  have  a  cyst  full  of  pus,  or  of  the  pultaceous 
material  which  we  have  seen  to  result  from  changes  in  the  pus  in 
pyonephrosis,  and  such  cysts  may  be  alongside  others  which  have  serous 
contents,  these  latter  having  been  shut  off  before  inflammation  has  ex- 
tended to  them. 


TUMOUES  OF  THE  KIDNEY. 

Cysts  are  of  peculiarly  frequent  occurrence  and  of  several  kinds. 
We  have  already  seen  that  in  the  contracted  kidney  it  is  common  to 
meet  with  small  cysts  which  are  the  result  of  dilatation  of  the  urinifer- 
ous  tubules  and  Malpighian  capsules  from  obstruction  of  the  tubules. 

Simple  Cysts  are  frequently  met  with  in  kidneys  which  are  other- 
wise perfectly  normal,  and  the  cysts  themselves  do  not,  as  a  rule, 
seriously  interfere  with  the  functions  of  the  organ.    They  are  larger  or 
smaller  well-formed  cysts,  which  not  infrequently  project  from  the  sur- 
face of  the  organ.   They  contain  usually 
a  clear  fluid,  but  the  fluid  is  sometimes 
colloid  in  character.    The  wall  of  the 
cyst  is  composed  of  connective  tissue 
lined  with  a  proper  tesselated  epithe- 
lium.   These  cysts  sometimes  grow  to  a 
large  size  and  may  push  aside  the  renal 
tissue  to  a  large  extent.    It  is  probable 
that  they  are  of  congenital  origin,  aris- 
ing by  foetal  obstruction  of  one  or  more 
uriniferous  tubules.     The  obstruction 
and  the  beginning  of  the  cyst  are  con- 
genital, as  those  formed  in  after  life  do 
not  apparently  form  such  perfect  cysts. 

Cystoid  Degeneration  of  the  kid- 
neys is  also  a  condition  of  congenital 
origin,  at  least  in  many  cases  and  pro- 
bably in  all.  The  whole  kidney  is 
converted  into  a  congeries  of  cysts  of  Thl^'oian^^'^^^''-'^^^^^^^ 


rr.^A     °  "i      shown  in  section,  and  is 

Tbp   Pirofo  ^  «=0"&eries  of  cysts  of  various 

xne   cysts   sizes.  (Virchow.) 


larger  and   smaller  size 

fonn  rounded  prominences  from  ;he  surface,  "and '^on  section  (Fi. 
285)  they  are  seen  to  replace  the  renal  tissue.    The  wall  of  the 
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cyst  is  composed  of  tunica  propria  with  well -formed  tesselated  epi- 
thelium lining  it.  It  contains  usually  a  clear  fluid,  but  the  fluid  may 
be  brownish  or  even  hsemorrhagic,  and  it  is  noteworthy  that  it  contains 
the  constituents  of  the  urine,  often  with  albumen,  and  sometimes 
throws  down  a  granular  precipitate  of  uric  acid.  Between  the  cysts 
there  is  very  little  space,  but  there  are  traces  of  remaining  renal  tissue, 
and  the  pelvis  and  ureter  are  present.  The  outline  of  the  organ  is 
greatly  enlarged,  measuring  sometimes  in  the  new-born  child  as  much 
as  eight  inches  by  four. 

Kidneys  of  this  kind  have  been  frequently  met  with  in  new-bom 
children,  and  from  their  size  they  may  seriously  interfere  with  parturi- 
tion, even  requiring  evisceration  before  delivery  can  be  effected.  It  is 
of  importance  to  note  that  this  condition  often  co-exists  with  other 
congenital  defects  such  as  hydrocephalus,  defective  urinary  bladder, 
and  horse-shoe  kidney.  But  cystoid  degeneration  is  also  met  with  in 
the  adult,  and  it  is  remarkable  that  the  functions  of  the  organs  may  be 
preserved  for  a  long  time,  although  both  kidneys  are  composed  of  a 
congeries  of  cysts.  The  author  met  with  a  case  in  which  the  patient 
died  at  the  age  of  forty-three.  For  eighteen  years  before  his  death 
there  had  been  recurring  attacks  of  hsematuria,  and  he  at  last  died  with 
ursemic  symptoms.  The  kidneys  were  much  enlarged  and  cystic,  but 
with  some  renal  tissue  remaining  between  the  cysts. 

The  cystoid  degeneration  in  all  probabihty  arises  by  obstruction 
of  the  uriniferous  tubules.  Virchow  has  found  in  some  cases  an 
obstruction  of  the  papillae  apparently  from  a  foetal  inflammation. 
The  fact  that  these  cysts  contain  the  urinary  constituents  is  also  much 
in  favour  of  the  view  that  they  arise  by  obstruction  of  the  tubules. 
Those  met  with  in  the  adult  are  also  most  probably  of  congenital 
origin,  although  they  may  have  grown  on  into  adult  hfe.  In  the 
author's  case  there  was  a  congenital  malformation  of  the  aortic  valve,: 
indicating  perhaps  a  proclivity  to  malformations. 

Primary  Cancer.— This  is  not  of  very  frequent  occurrence,  and  i 
usually  unilateral,  although  there  have  been  cases  of  bilateral  canoe 
The  tumour  is  virtually  a  cancerous  degeneration  of  the  organ.  Th 
kidney  may  be  completely  converted  into  a  tumour  which  sometim 
attains  a  very  large  size,  retaining  the  general  shape  of  the  organ  an 
covered  by  its  capsule.  But  in  some  cases  only  a  part  of  the  kidney 
is  involved,  and  in  that  case,  while  the  affected  part  retains  the  general 
shape  of  the  organ,  although  enlarged,  the  remaining  piece  of  kidney 
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has  quite  its  normal  appearance.  To  the  naked  eye  it  is  as  if  a  portion 
of  kidney  were  transformed,  and  with  the  microscope  it  can  be  seen,  at 
the  margin  of  normal  and  pathological,  that  the  tumour  is  advancing  by 
a  conversion  of  the  proper  kidney  tissue.  The  epithelium  of  the 
tubules  is  multiplying  so  as  to  form  the  cancerous  epithelium,  and 
IS  becoming  irregular  in  form  (Fig.  286),  while  the  cancerous  stroma  is 
bemg  formed  of  the  connective  tissue  of  the  organ. 


Fig.  286.-A  uriniferous  tubule  at  the  border  of  an  advancing  cancer    The  Pni 
thehum  IS  undergoing  transformation,   x  300.  » ''^i-iug  od,ncer.    ine  epi- 

These  tumours  are  usually  very  soft,  but  may  be  firmer  They 
present  a  remarkable  tendency  to  break  down  the  walls  of  the  pelvis 
of  the  kidney  and  of  the  renal  veins,  so  as  to  project  in  a  fungating 
fashion  mto  these.  Hence  arise  ha^maturia  on  the  one  hand  and 
thrombosis  of  the  veins  on  the  other.  The  thrombosis  may  be  very 
extensive,  the  clot  propagating  itself  in  various  directions.  Pulmonarv 
embohsm  may  result,  and  cancerous  elements  may  be  present  in  the 
obstructing  material.  In  a  case  observed  by  the  author  cancer  cells 
were  found  m  coagula  in  the  pulmonary  artery,  and  in  the  heart. 

Secondary  Cancers  occur  not  infrequently  when  the  cancer- 
ous elements  have  got  into  the  systemic  circulation.  They  form 
multiple  tumours.  ' 

Sarcoma  as  a  primary  tumour,  is  rare  in  the  kidney,  but  secondary 
tumours  of  this  kind  are  tolerably  common.  Of  the  pr  mary  Zmll 
reference  has  already  been  made  to  the  myosarcoma,  Ihich  is  usuX 
a  small  tumour  not  larger  than  a  pea,  but  may  be  of  large  dimenl^ 
The  LYMPHOSARCOMA  sometimes  forms  bulky  infiltrations  of  tC  kidney 
and  leukaemic  lymphoid  infiltrations  may  be  very  similar  ^' 

FiBROMAS  of  small  size  are  common  in  the  kidney  and  ,n™.  I, 
occurred  of  large  size.    Lipomas  haye  also  been  mettlth 
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liver,  a  large  mother  cyst  surrounded  by  a  distinct  connective-tissue 
capsule,  and  containing  the  usual  daughter  cysts  and  brood-capsules. 
The  cyst  not  infrequently  bursts  into  the  pelvis  of  the  kidney,  and  the 
daughter  cysts  and  heads  may  be  evacuated  by  the  urine  ;  or  rupture 
may  occur  into  the  pleura.  Sometimes  the  parasite  dies,  and  the  cyst 
comes  to  be  occupied  by  a  pultaceous  material  in  which  the  remains  of 
the  chitinous  membrane  are  found  (Fig.  287).   The  stratified  character  of 


Fig.  287.-Section  of  a  stratified  chitinous  membrane  from  an  old  hydatid  cyst  of  kidney.  xOO. 

this  membrane  is  here,  as  in  the  case  of  the  liver,  of  assistance  in  dis- 
tinguishing the  nature  of  the  cyst,  especially  as  all  other  trace  of 
the  parasite,  even  the  booklets,  may  have  disappeared.  The  kidney 
tissue  may  be  considerably  opened  up  and  pushed  aside  by  this 

parasite.  i  i^  <•  -4.1, 

The  FILARIA  SANGUINIS  occurs  probably  in  the  adult  form  m  the 
lymphatic  vessels  of  the  kidney.  The  embryoes  have  been  met  with  in 
the  parenchyma  of  the  kidney  and  in  the  chylous  urine  which  seem, 
to  be  the  result  of  the  presence  of  the  parasite. 


B.— THE  URINARY  BLADDER  AND  URETHRA. 

Congenital  Malformations. -These  are  chiefly  represented  by 
extroversion  of  the  bladder.  In  this  the  anterior  wall  o  the 
rddel  and  the  corresponding  portion  of  the  abdominal  wall  are 
wanting  so  that  the  posterior  wall  of  the  bladder  fills  the  gap,  and  is 
It tuous  at  its  margins  with  the  skin.    The  symphisis  pubis  is  also 
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usually  incomplete,  the  rami  ending  in  rounded  lateral  prominences ; 
the  urethra  is  also  laid  open  on  its  superior  aspect,  the  bladder  being 
continued  in  the  form  of  a  gutter  into  the  urethra.  There  are  also 
generally  other  coincident  defects  in  the  organs  of  generation.  The 
abdominal  viscera  bulge  out  the  wall  of  the  bladder  which  forms  a  red 
convex  surface  in  the  lower  part  of  the  abdomen.  On  this  exposed 
surface  the  openings  of  the  ureters  may  be  seen  with  the  urine  trickling 
from  them.  The  mucous  membrane  is  usually  inflamed  and  bleeds 
readily,  and  as  the  urine  escapes  involuntarily  the  skin  around  is 
irritated  and  frequently  excoriated. 

Occasionally  the  urachcjs  remains  open,  generally  from  obstruc- 
tion in  the  urethra.  If  the  patency  be  complete  the  urine  will  come 
away  from  its  aperture  at  the  umbilicus. 

Perforation  and  rupture  of  the  bladder. — Eupture  may  be 
produced  in  various  ways.  It  may  be  by  a  direct  wound,  by  fracture 
of  the  pelvis,  by  injuries  during  parturition.  Then  ulceration  not 
mtrequently  produces  perforation,  ulceration  from  stone  on  rare  occa- 
sions, but  most  frequently  the  ulceration  of  a  cancer.  Lastly,  the 
bladder  may  be  ruptured  by  a  blow,  or  by  a  catheter  being  pushed 
through  its  wall,  but  this  will  hardly  occur  unless  its  wall  has  already 
been  greatly  thinned  by  dilatation  or  ulceration. 

These  conditions  are  important  chiefly  in  their  consequences,  leading 
as  they  commonly  do  either  (1)  to  extravasation  of  urine  in  the  surround- 
ing tissue,  or  (2)  to  the  formation  of  fistulous  communications  with  the 
surface  or  neighbouring  canals. 

Simple  extravasation  of  urine  is  not  in  itself  serious.  The  normal 
urine  is  a  bland  fluid,  and  it  may  flow  from  a  severed  ureter  or  a 
ruptured  bladder  into  the  peritoneal  cavity  without  producing  any 
peritonitis,  the  urine  being  absorbed  by  the  peritoneum  and  again 
excreted  by  the  kidney.  It  is  when  the  extravasated  urine  undergoes 
alkaline  decomposition  that  it  acquires  excessively  irritating  characters. 
The  urine  being  an  exceedingly  decomposable  fluid,  and  being  kept  at 
the  temperature  of  the  body,  it  rapidly  decomposes  .if  the  proper  organ- 
isms find  access  to  it.  The  products  of  decomposition  lead  to  the  usual 
violent  septic  inflammations  associated  with  necrosis  and  suppuration. 

Fistulous  openings  from  rupture  of  the  bladder  may  be  into  the 
uterus  or  vagina,  into  the  rectum,  or  on  to  the  surface  of  the  skin. 
From  these  fistulse  the  urine  passes  involuntarily  as  it  reaches  the 
bladder,  there  being  no  sphincter  to  retain  it.    They  occur  also  as  a 
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result  of  perforation  of  the  bladder  from  without,  especially  from  the 
uterus  and  vagina,  the  cause  of  perforation  being  sometimes  cancer  of 
these  parts,  sometimes  sloughing  from  injury  during  parturition. 

Dilatation  and  hypertrophy  of  the  bladder. — A  simple 
DILATATION  may  occur  from  a  sudden  obstruction  to  the  urethra,  or 
from  paralysis  of  the  muscles  concerned  in  emptying  the  bladder.  In 
this  way  a  very  extreme  general  dilatation  may  result. 

Hypertrophy  of  the  muscular  goat  is  of  very  frequent  occur- 
rence as  a  result  of  some  obstruction  either  at  the  neck  of  the  bladder 
or  in  the  urethra.  The  commonest  cause  is  enlargement  of  the  prostate 
leading  to  the  prominence  of  the  so-called  middle  lobe  at  the  internal 
orifice  of  the  urethra.  The  muscular  coat  of  the  bladder  is  in  the  form 
of  bundles  of  muscular  fibre-cells  which  run  in  special  directions.  The 
muscular  coat  is  therefore  not  a  homogeneous  layer,  but  more  like  a 
network  of  interlacing  bands.  It  is  so  at  least  when  the  bladder  is. 
distended,  the  bands  coming  closer  together  as  the  bladder  contracts. 
When  hypertrophy  occurs  these  bundles  increase  greatly  in  size,  and  the 
internal  ones  raise  the  mucous  membrane  into  elongated  prominences. 
As  the  bundles  interlace,  the  result  is  that  the  internal  surface  of  the 
bladder  presents  a  network  of  prominent  trabeculae  which  suggest  the 
appearance  of  the  internal  surface  of  a  ventricle  of  the  heart. 

As  these  trabeculse  interlace,  little  spaces  are  left  between  them  in 
the  form  of  small  pouches.  Sometimes  these  pouches  undergo  consider- 
able enlargement,  and  we  may  have  diverticula  formed  in  this  way,, 
which  sometimes  attain  to  a  considerable  size.  The  diverticulum  i& 
originally  formed  of  the  mucous  membrane  pushed  out  between  the 
thickened  muscular  trabeculse.  AVhen  small  it  will  be  contained  in  the= 
thickened  wall  of  the  bladder  and  emptied  during  micturition.  But  as 
it  deepens  and  projects  outside  the  wall  of  the  bladder  it  becomes  free 
of  the  muscular  coat,  and  as  it  possesses  no  muscular  coat  of  its  own  the 
effect  of  contraction  of  the  bladder  during  micturition  will  be  to  force 
the  urine  into  it,  just  as  it  is  forced  into  the  urethra.  The  diverticulum 
is  liable  in  this  case  to  periodical  dilatation.  The  urine  also  Avill  stag- 
nate in  it,  and  if  decomposition  occurs,  then  there  will  be  inflammatory 
disturbances  in  the  wall  of  the  diverticulum.  New-formation  of  con- 
nective tissue  occurs,  and  as  this  tissue  is  at  first  soft  the  recurring 
dilatation  during  micturition  causes  it  to  yield  so  that  a  continuous 
enlargement  goes  on.  In  this  way  we  sometimes  meet  with  a  large  sac, 
usually  behind  the  bladder  and  communicating  with  it  by  a  narrow 
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)  neck  (Fig.  288).  The  sac  may  be  larger  than  the  bladder  itself,  and  it 
I  presents  a  somewhat  thick  fibrous  wall  with  signs  of  recent  inflammation 
i  internally. 


Fig.  2S8.— Large  diverticulum  of  urinary  bladder;  a,  bladder  with  gi-eatly 
Uiickened  wall ;  e,  prostate  and  prostatic  urethra ;  h,  diverticulum  with 
fibrous  wall ;  c,  aperture  between  bladder  and  diverticulum ;  d,  rectum 


In  diverticula  of  moderate  or  large  size  calcuh  are  liable  to  form 
from  the  stagnation  of  the  urine.  Or  a  calculus  may  slip  into  such  a 
pouch  and  escape  detection  with  the  sound.' 


Disturbances  of  the  circulation  in  the  bladder.— Passive 
Hyperemia  occurs  in  consequence  of  obstruction  in  the  veins  by 
tumours  or  otherwise.  Sometimes  in  such  cases  the  veins  of  the 
mucous  membrane  undergo  great  dilatation  and  become  varicose, 
especially  in  the  floor  of  the  bladder,  giving  rise  to  vesical  hemor- 
rhoids. The  dilated  veins  may  even  obstruct  the  orifice  of  the 
urethra,  and  there  is  sometimes  haemorrhage  from  them. 

Hemorrhage  from  the  bladder  may  occur  also  in  consequence  of  the 
irntation  of  calcuh,  from  tubercular  ulcers,  from  papillary  and  cancer- 
ous tumours.  There  may  be  haemorrhages  from  the  mucous  membrane  in 
scurvy,  haemorrhagic  small-pox,  etc.  If  the  bleeding  into  the  bladder 
be  considerable  the  blood  may  coagulate,  and  may  be  discharged  Avith 
some  difiiculty.  Or  it  may  mix  itself  with  the  urine,  and  no  consistent 
coagulum  be  formed. 

Inflammation  of  the  BLADDER.-This  occurs  as  a  consequence  of 
various  kinds  of  irritation.    Stone  may  produce  it,  and  the  extension 
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of  gonorrhoea,  but  by  far  the  most  frequent  cause  of  it  is  alkaline  de- 
composition of  the  urine. 

This  decomposition  of  the  urine  is  due  to  the  growth  of  bacteria,  and 
we  have  to  consider  how  the  bacteria  find  entrance.    They  are  intro- 
duced from  without,  and  mostly  by  the  passage  of  the  catheter,  which, 
as  it  were,  inoculates  the  contained  urine  with  the  micro-organisms. 
The  question  still  remains,  however,  how  it  is  that  in  the  great  majoritj- 
of  cases,  although  the  catheter  be  used  without  taking  the  precaution 
of  rendering  it  free  of  bacteria,  no  decomposition  results.  The 
answer  to  this  question  will  be  found  in  the  kind  of  cases  in  which 
decomposition  does  occur  in  consequence  of  passing  the  catheter.  It 
very  readily  occurs  in  cases  of  paraplegia  in  which  the  urinary  bladder 
is  paralysed,  also,  although  much  less  readily,  in  persons  with  dilatation 
of  the  bladder  in  consequence  of  enlargement  of  the  prostate  gland,  or 
obstruction  of  the  urethra.    It  occurs  also  readily  when  any  amount  of 
inflammation  already  exists,  as  from  the  irritation  of  a  stone.    In  these 
cases  the  mucous  membrane  of  the  bladder  is  abnormal.    In  the  case  of 
spinal  paralysis  its  muscle  is  paralysed,  and  probably  the  mucous 
membrane  is  affected  in  its  nutrition.    In  cases  of  dilatation  the  mucous 
membrane  is  stretched,  and  in  inflammation  it  is  directly  altered.  We 
may  infer,  therefore,  that  while  the  normal  mucous  membrane  is  able  to 
prevent  the  multiplication  of  bacteria,  hke  other  hving  tissues,  the 
altered  mucous  membrane  is  less  able  to  do  so.    In  addition  to  this,  in 
most  of  the  cases  there  is  stagnation  of  the  urine,  and  the  organisms 
get  leave  to  multiply,  whereas  normally  they  are  carried  out  at  the  first 
micturition.    Besides  being  carried  in  by  the  catheter,  the  bacteria  may 
find  other  means  of  entrance,  as  by  fistulous  openings.    It  is  not  impos- 
sible that  in  the  case  of  the  short  female  urethra  they  may  propagate 
along  that  passage  from  the  vagina. 

The  products  of  decomposition  produce  the  usual  inflammatory 
manifestations  with  various  degrees  of  violence.  In  very  acute  cases 
there  is  great  swelling  of  the  mucous  membrane,  it  may  be  with  super- 
ficial or  deep  sloughing.  In  more  chronic  cases  the  mucous  mem- 
brane gets  thickened  and  very  frequently  becomes  the  seat  of  ulceration, 
so  that  with  thickening  and  ulceration  there  is  very  great  irregularity 
of  the  surface,  sometimes  with  polypoid  projections.  The  surface  is  occa- 
sionally incrusted  with  phosphates  deposited  by  the  alkaline  urine. 
The  muscular  coat  is  often  thickened,  especially  when  there  is  at  the 
same  time  obstruction  to  the  passage  of  the  urine,  and  there  is  the 
usual  trabecular  appearance,  but  obscured  by  the  thickening  of  the 
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mucous  membrane.  The  bladder  may  undergo  great  contraction  in 
consequence  of  this  chronic  inflammation,  the  new-formed  tissue  in  the 
mucous  membrane  shrinking. 

The  urine  contains  the  inflammatory  exudation  as  well  as  the  pro- 
ducts of  decomposition.  In  acute  cases  there  may  be  considerable 
quantities  of  pus.  In  more  chronic  cases  the  urine  is  thick  and  gela- 
tinous like  a  mucous  secretion.  The  toughness  does  not,  however,  de- 
pend on  the  presence  of  mucin,  but  is  occasioned  by  the  albumen  of  the 
inflammatory  exudation  being  acted  on  by  the  alkaline  salts  in  the  urine. 
It  is  well  known  that  the  presence  of  pus  in  the  urine  may  be  detected 
by  adding  an  alkali ;  the  urine  assumes  a  gelatinous  character.  The 
pus  and  other  inflammatory  products  in  the  bladder  are  similarly  acted 
on  when  the  urine  becomes  alkaline,  and  we  have  the  viscid  character 
referred  to.  Under  the  microscope  the  urine  presents  abundant  pus 
corpuscles  and  epithelium,  with  immense  numbers  of  bacteria  and  crys- 
tals of  phosphates.  , 

Tuberculosis  of  the  bladder. — This  condition  is  usually  only  a 


Fig.  289.— Tuberculosis  of  the  bladder.  Many  round  or  serpiginous 
ulcers  are  shown.  These  are  superficial,  but  are  defined  by  their  white 
edgres  which  represent  recent  tubercles.  There  are  several  white  spots  in- 
dicating tubercles  which  have  not  yet  ulcerated.  (Virchow  )  ' 
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part  of  much  more  extensive  tuberculosis.  There  is  often  a  coincident 
tuberculosis  of  the  kidney  and  ureter,  the  disease  having  originated 
there  and  extended  downwards  to  the  Ijladder,  or  more  rarely  it  has 
begun  in  the  bladder  and  passed  upwards.  Then  the  vesiculse  semi- 
nales,  vas  deferens  and  testicle  are  not  infrequently  affected,  and  the 
bladder  affection  may  be  due  to  propagation  from  an  organ  as  far  off 
as  the  testicle. 

The  tuberculosis  is  in  the  form  of  ulcers  of  the  mucous  membrane 
which  at  first  are  circular,  but  acquire  various  shapes  by  coalescence 
(Fig,  289).  The  ulcers  are  mostly  superficial  and  their  edges  very 
slightly  raised,  the  latter  having  a  pale  colour  so  that  the  ulcer  is  sur- 
rounded by  a  whitish  zone.  The  disease  begins  by  the  formation  of 
tubercles  in  the  mucous  membrane.  These  break  down  and  form  ulcers, 
which  continuously  extend  by  the  infiltration  of  their  walls  and  the 
breaking  down  of  the  infiltration.  The  general  appearances  of  these 
ulcers  are  very  well  shown  in  the  annexed  figure  from  Virchow's  work 
on  tumours.  Their  superficial  character  renders  them  liable  to  be 
overlooked. 

Tumours  of  the  bladder. — A  few  cases  of  fibroma  and  myoma 
have  been  described,  but  they  are  rare.  A  much  commoner  form  is 
the  papilloma.  This  is  met  with  for  the  most  part  in  the  inferior 
parts  of  the  bladder,  and  forms  either  a  prominent  mass  with  projecting 
papillse  or  else  a  surface  covered  by  villi.  The  tendency  of  these  vilh 
to  bleed  is  an  important  fact.  Sometimes  the  villi  break  down  and  an 
ulcer  forms.  In  any  case  they  discharge  abundant  epithelium,  which  is 
to  be  found  in  the  urine,  and  is  not  to  be  taken  as  evidence  of  the 
existence  of  cancer. 

Cancer  of  the  bladder  is  mostly  met  with  in  the  form  of  villous 
cancer,  the  wall  of  the  bladder  beneath  the  villi  being  infiltrated  with 
the  cancerous  structures.  In  some  cases  the  structure  gives  way  and 
a  cancerous  ulcer  with  raised  edges  is  the  result.  There  are  also  can- 
cers without  any  villous  projections  of  the  surface.  The  cancer  may 
extend  to  neighbouring  structures,  but  it  is  much  more  common  for  a 
cancer  originating  in  the  uterus  or  rectum  to  extend  into  the  bladder 
than  for  the  reverse  process  to  occur.  We  have  already  seen  that  fis- 
tulous communications  occur  in  this  way. 

Cysts  have  been  found,  especially  in  the  posterior  wall  of  the 
bladder. 
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Parasites. — If  we  except  the  bacteria  already  referred  to,  parasites 
;  in  the  bladder  are  of  secondary  importance.  We  have  already  seen  that 
I  the  echinococcus  may  burst  into  the  pelvis  of  the  kidney,  and  portions 
of  the  j)arasite  will  pass  into  the  bladder.  Ascarides  and  oxyurides  have 
been  found  to  wander  into  the  bladder.  The  distoma  hsematobiura,  as 
we  have  seen,  by  the  penetration  of  its  ova  may  produce  considerable 
irritation  and  haemorrhage.  The  filaria  sanguinis  is  also  found  in  the 
bladder  as  in  the  kidney  and  its  pelvis. 

Sarcinse  have  been  found  in  the  urine  by  no  means  infrequently. 
From  what  has  already  been  stated  as  to  their  development  from  the 
blood,  their  occurrence  here  will  be  understood.  They  are  met  with  in 
cases  of  inflammation  of  the  bladder. 

CONCRETIONS  AND  CALCULI  IN  THE  BLADDER. 

These  consist  of  the  urinary  constituents,  normal  or  abnormal,  de- 
posited in  bulk  so  as  to  form  distinct  smaller  or  larger  stones.  We 
have  to  consider  what  determines  this  abnormal  precipitation  of  the 
urinary  constituents,  and  we  may  begin  by  consix^ering  how  these  same 
constituents  come  to  be  precij)itated  in  the  urine  after  evacuation. 

The  most  frequent  constituents  of  urinary  calculi  are  phosphates, 
uric  acid  and  oxalate  of  lime.  Phosphates  are  precipitated  from  alka- 
line urine,  uric  acid  and  oxalate  of  lime  from  acid  urine.  The  phos- 
phates are  deposited  abundantly  when  the  urine  undergoes  its  usual 
alkaline  decomposition,  uric  acid  and  oxalates  are  thrown  down  in  cry- 
stals when  the  urine,  at  the  time  of  evacuation  or  afterwards,  becomes 
unduly  acid,  the  deposition  of  oxalates  occurring  usually  some  time 
after  the  urine  has  been  passed,  so  that  this  precipitate  often,  as  it 
were,  powders  the  surface  of  other  deposits. 

Inside  the  bladder  or  the  pelvis  of  the  kidney,  phosphates  may  be 
deposited  because  of  undue  alkalinity,  especially  in  the  case  of  alkaline 
•lecomposition  of  the  urine.  These  often  form  an  external  coating  on 
other  stones  when,  from  decomposition,  the  urine  has  become  alkaline. 
Phosphates  are  also  frequently  deposited  on  foreign  bodies  which  have 
found  their  way  into  the  bladder,  such  as  broken  bits  of  catheters. 

In  the  case  of  uric  acid  and  oxalate  of  lime  it  seems  that  sometimes 
their  precipitation  is  due  to  an  excess  of  them  in  the  urine.  This 
applies  especially  to  the  oxalates,  and  there  are  undoubtedly  cases  in 
which  there  is  almost  continually  an  excess  of  oxalate  of  lime  in  the 
urine  (oxalic  acid  diathesis).    But  in  both  cases  the  substances  are  de- 
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posited  from  an  acid  urine,  and  in  the  case  of  uric  acid  it  must  be 
strongly  acid.  The  cause  of  this  abnormal  acidity  is  not  always  clear. 
In  some  cases  it  may  be  due  to  excessive  development  of  acid  in  the 
stomach. 

The  formation  of  calculi  of  uric  acid  and  oxalate  seems  always  to  begin 
in  the  kidney,  and  even  in  some  cases  in  the  uriniferous  tubules.  In  these 
and  in  the  pelvis  it  is  very  common  to  find  small  concretions  of  uric 
acid,  forming  the  so-called  sand  and  gravel,  composed  of  aggregates 
of  uric  acid  crystals  usually  rounded  in  shape  and  of  a  brownish  red 
colour.  There  may  even  be  large  concretions  of  uric  acid  in  the  pelvis 
of  the  kidney.  In  connection  with  the  formation  of  the  uric  acid  and 
oxalate  calculi  it  is  interesting  to  observe  that  the  two  bodies  are  often 
combined  in  one  calculus,  the  mulberry  stone  especially  having  fre- 
quently a  nucleus  of  uric  acid,  and  perhaps  layers  of  it  alternating  with 
the  oxalate. 

It  may  now  be  convenient  to  give  a  brief  description  of  the  different 
forms  of  calculi,  with  an  indication  of  the  chemical  methods  for  deter- 
mining their  constitution.  As  a  rule  it  is  convenient  to  have  the 
-calculus  sawn  through  the  middle  with  a  lapidary's  saw,  so  that  the 
arrangement  of  its  layers  may  be  seen  and  the  character  of  its  nucleus. 

The  uric  acid  calculus  is  the  most  frequent.  It  is  usually  a 
small  oval  stone  with  small  rounded  prominences  regularly  distributed 
■over  the  surface.  The  colour  varies  from  a  light  fawn  to  a  deep  brick 
red.  It  is  heavy  for  its  size,  and  of  hard  consistence.  Uric  acid  is 
insoluble  in  water  and  dilute  acids,  but  very  soluble  in  caustic 
alkalies  and  weak  solutions  of  alkaline  carbonates.  A  convenient  test  is 
the  murexid  reaction.  A  fragment  of  the  calculus  is  treated  with  a  drop 
of  strong  nitric  acid  and  heated.  Effervescence  occurs,  and  the  heat  is 
continued  till  a  dry  yellowish  red  residue  remains.  When  caustic 
ammonia  is  added  a  bright  violet  red  hue  is  develoj^ed. 

Calculi  formed  of  urates  are  rare,  the  salts  being  urates  of  ammonia 
and  magnesia.  They  are  small  soft  concretions  formed  in  the  kidney, 
and  are  distinguished  by  their  solubility  in  boiling  water.  They 
hardly  deserve  to  be  reckoned  among  the  vesical  calculi. 

The  OXALATE  OF  lime  or  mulberry  calculus  is  a  very  important  . 
form.    Sometimes   small  stones   are  discharged  as   gravel,  forming 
smooth,  round,  grayish  balls  like  hemp  seeds.    The  calculus  proper  is 
mostly  of  an  irregularly  spherical  shape,  tuberculated  on  the  surface 
like  a  mulberry,  and  of  a  grayish  or  nearly  black  colour.    On  section  it 
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i  is  seen  to  be  in  layers,  some  of  them  generally  composed  of  uric  acid, 
'  which  usually  forms  the  nucleus.    The  calculus  contains  abundant 
:  organic  material  which  holds  the  colouring  matter,  so  that  when  the 
;  oxalate  is  dissolved  out  the  organic  basis  often  retains  the  shape  of  the 
I  calculus.    Oxalate  of  lime  is  insoluble  in  the  alkaline  carbonates  and 
I  organic  acids,  but  soluble  in  nitric  and  hydrochloric  acids.    If  a  fragment 
be  heated  on  a  piece  of  platinum  before  the  blow-pipe  it  becomes  black, 
swells  up  and  leaves  a  bulky  white  ash  of  caustic  lime  which  renders 
litmus  blue. 

Calculi  of  BASIC  PHOSPHATE  OF  LIME  alone  are  very  rare.  They  form 
i  comparatively  small  yellowish  or  grayish  white  stones,  rather  hard  and 
1  smooth  on  the  surface. 

The  MIXED  OR  TRIBASIC  PHOSPHATIC  CALCULUS  is  very  common,  at 
least  many  calculi  are  partly  formed  of  these  salts,  although  few  are  so 
entirely.  The  phosphates  are  deposited  from  alkaline  urine  as  a  light, 
1  bulky,  white  substance,  which  is  commonly  very  brittle.  The  salts  are 
insoluble  in  water  and  alkalies,  but  are  very  soluble  in  acids.  When 
a  fragment  is  heated  in  the  blow-pij)e  flame,  the  salts  melt  and  form  a 
\  hard  enamel ;  hence  this  form  is  often  called  the  fusible  calculus. 

The  CARBONATE  OF  LIME  CALCULUS  is  rare.  It  forms  small,  round, 
soft  stones.  The  salt  dissolves  with  effervescence  on  adding  an  acid, 
leaving  an  organic  matrix  of  the  shape  of  the  stone. 

Cystine  forms  calculi  in  persons  who  are  subjects  of  cystinuria. 
It  appears  as  if  by  a  congenital  derangement  of  the  nutritive  processes 
such  persons  form  cystine,  to  a  certain  extent  probably  in  place  of  uric 
acid ;  and  this  peculiarity  occurs  frequently  in  several  members  of  the 
same  family.  The  urine,  continuously  or  frequently,  contains  flat 
hexagonal  crystals  of  cystine,  and  these  may  be  already  present  in  the 
urine  at  the  time  of  evacuation,  or  may  be  deposited  after  the  urine  has 
stood  for  a  time.  The  cystine  may  begin  to  be  deposited  in  the  urini- 
ferous  tubules  so  that  calcuH  are  formed  in  the  pelvis  of  the  kidney,  or 
it  may  be  deposited  in  the  bladder.  The  stones  are  oval  in  shape  and 
have  a  waxy  consistence.  The  surface  is  brownish  or  greenish  yellow 
in  colour,  and  crystals  can  often  be  separated  from  it.  The  stone  may 
l)e  buried  in  a  shell  of  phosphates.  Cystine  is  soluble  in  alkalies, 
mineral  acids,  and  oxalic  acid. 

Xanthine  calculi  are  exceedingly  rare.  The  substance  is  alhed  to 
uric  acid,  and  the  stones  are  like  those  of  uric  acid  but  of  a  redder 
colour.  On  applying  the  murexid  test  to  a  fragment  of  such  a  stone,  it 
is  found  to  dissolve  in  nitric  acid  but  without  effervescence  ;  the  addition 
of  ammonia  gives  an  orange  colour. 
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DISEASES  OF  THE  URETHEA. 

Of  these  the  most  important  are  the  inflammations. 

GoNORRHCEA  is  a  specific  inflammation  accompanied  hy  redness  and 
swelling  of  the  mucous  membrane  with  purulent  exudation,  sometimes 
mixed  with  blood.  The  inflammation  is  thus  at  first  acute,  and  it  may 
result  in  su^Dpuration  around  the  urethra,  in  the  prostate  or  in  the 
testicle,  the  virus  in  the  last-mentioned  case  probably  propagating  itself 
along  the  vas  deferens.  There  may  be  an  ulceration  of  the  mucous 
membrane  as  a  consequence  of  the  inflammation. 

If  the  acute  stage  subside  there  often  remains  a  chronic  inflammation, 
characterized  mainly  by  a  persistent  mucous  or  muco-purulent  discharge. 
As  in  other  chronic  catarrhs  there  is  new-formation  of  connective  tissue, 
and  in  the  male  urethra  this  frequently  leads  to  STRICTURE.  The  new- 
formed  connective  tissue  contracting  narrows  the  tube,  and  sometimes 
quite  a  hard  cicatricial  tissue  occupies  the  mucous  membrane  and  sub- 
mucous tissue.  Or  the  thickening  may  be  mainly  in  the  mucous 
membrane  which  bulges  inwards  and  forms  folds  which  obstruct  the 
calibre  in  the  male  urethra,  or  form  projecting  or  prolapsed  folds  in  the 
female. 

Besides  gonorrhoea  we  may  have  inflammations  produced  by  other 
causes.  A  simple  catarrh  may  arise,  especially  in  the  female  urethra, 
sometimes  from  propagation  of  an  inflammation  from  neighbouring 
parts. 
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TNTRODUOTORY. — It  is  hardly  necessary  to  state  that  these  organs 
are  specially  liable  to  disease  from  their  functional  relations.  At 
the  times  of  menstruation  and  pregnancy  very  extraordinary  changes  oc- 
cur, some  of  which  although  strictly  physiological  border  on  the  pathologi- 
cal. The  anatomical  relations  of  the  internal  organs  of  generation  in  the 
female  have  also  to  be  taken  carefully  into  account  in  connection  with 
the  changes  in  position  to  which  the  uterus  is  especially  liable.  It  will 
be  necessary  to  take  up  the  individual  portions  of  the  organs  of  genera- 
tion separately,  but  for  purposes  of  convenience  the  malformations  of 
the  whole  set  of  organs  will  be  taken  together. 

MALFORMATIONS  OF  THE  FEMALE  ORGANS. 

In  treating  of  this  subject  it  is  necessary  to  bear  in  mind  that  the 
internal  and  external  organs  have  no  connection  with  each  other  in 
their  origins,  and  so  the  malformations  of  the  one  are  not  necessarily 
connected  with  the  malformations  of  the  other. 

Hermaphroditism. — This  name  implies  the  union  of  the  two  sexes  in 
the  same  individual.  So  far  as  the  internal  organs  are  concerned  such 
a  condition  is  rendered  possible  by  the  fact  that  in  every  foetus  the 
embryonic  structures  for  both  sexes  are  present  at  a  certain  period  of 
development ;  the  Wolffian  ducts  go  to  form  the  male  organs,  and  the 
Mullerian  ducts  go  to  form  the  female  organs.  It  is  by  the  subsequent 
retrogression  of  one  of  these  and  the  preponderance  of  the  other  that 
the  sex  of  the  child  is  determined.  It  is  well  known  that  in  the  adult 
the  testicle  is  represented  in  the  female  by  the  parovarium,  and  the 
ovary  is  represented  in  the  male  by  the  hydatid  of  Morgagni  which  hes 
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beside  the  epidydimis,  while  the  vesicula  prostatica  represents  the 
uterus. 

These  facts  indicate  that  we  may  have  a  true  hermaphroditism,  in 
which  ovary  and  testicle  arc  both  represented.  Cases  have  been  re- 
corded in  which  on  both  sides  both  of  these  glands  have  been  present, 
one  of  them  however  generally  ill-developed.  This  would  form  a  true 
BILATERAL  HERMAPHRODITISM.  On  the  other  hand  there  may  be  a 
testicle  on  one  side  and  an  ovary  on  the  other,  forming  a  true  lateral 
HERMAPHRODITISM.  It  is  necessary,  however,  in  such  cases  to  be  careful, 
and  not  to  conclude  that  an  organ  is  testis  or  ovary  from  its  mere  posi- 
tion, but  to  subject  it  to  microscopic  examination. 

It  is  clear  that  the  sex  of  an  individual  is  determined  by  the  exis- 
tence of  the  testicle  on  the  one  hand  or  the  ovary  on  the  other,  and  no 
case  is  truly  bisexual  unless  both  these  glands  are  present.  But  there 
are  cases  in  which,  with  the  sex  determined  by  the  presence  of  ovaries 
or  testicles,  the  other  parts  present  the  structures  belonging  to  different 
sexes.  In  such  cases  the  designation  pseudo-hermaphroditism  is  used, 
and  according  as  the  ovaries  or  the  testicles  are  the  glands  present,  they 
are  male  or  female. 

In  cases  of  male  pseudo-hermaphroditism,  three  different  combina- 
tions may  be  recognized,  but  in  all  there  are  testicles  present.  (1) 
Internal.  In  this  case  the  external  organs  are  those  of  the  male  and 
the  testes  are  present,  but  from  the  prostatic  urethra  a  canal  arises 
which  represents  an  elementary  vagina  with  a  uterus  at  its  extremity, 
sometimes  with  Fallopian  tubes.  The  uterus  may  be  of  the  regular 
form  but  small,  or  it  may  be  two-horned,  or  with  one  horn  and  a 
Fallopian  tube.  We  have  already  seen  that  the  vesicula  prostatica  is 
the  representative  in  the  male  of  the  vagina  and  uterus,  and  the  condition 
we  are  now  considering  is  an  exaggeration  of  that  pouch  due  to  an  unusual 
persistence  of  the  lower  part  of  Muller's  ducts.  There  may  be  all  degrees 
of  this  persistence,  but  the  case  is  not  one  of  pseudo-hermaphroditism 
unless  there  is  something  that  can  be  called  a  vagina  and  uterus,  even  if 
very  rudimentary.  (2)  Complete  male  pseudo-hermaphroditism  is  the  con- 
dition in  which,  while  the  glands  are  the  testes,  all  the  remaining  organs 
both  internal  and  external  approach  to  those  of  the  female.  This  arises 
by  a  persistence  of  Muller's  ducts  and  an  imperfect  closure  of  the  urethra. 
It  may  here  be  remarked  that  as  the  external  generative  organs  arise 
from  the  same  foetal  structures  in  both  sexes,  they  cannot  really  repre- 
sent both  the  female  and  the  male  sexes  in  the  same  person.    But  as 
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i  the  male  organs  present  as  it  were  a  further  development,  chiefly  con- 
(  sis  Ling  in  enlargement  of  the  clitoris  and  closing  in  of  the  urinary  pas- 
i  sage  to  form  a  urethra,  we  may  have,  by  arrest  of  development,  more  or 
i  less  approach  to  the  condition  of  the  female  organs.  (3)  External  male 
j  pseiido-hermaphroditism  is  characterized  by  the  external  organs  presenting 
!  the  characters  of  those  of  the  female  while  the  entire  internal  organs 
j  are  those  of  tl^e  male.  The  cases  are  to  be  excluded  in  which  there 
I  is  simply  an  Opening  up  of  the  urethra  (hypospadias)  from  arrest  of 
!  development.  There  must,  in  addition,  be  an  approach  in  the  form  of 
j  the  organs  to  those  of  the  female.  At  the  same  time  the  general  form 
I  •  of  the  body  is  that  of  the  female.  Several  such  cases  have  been 
married  as  females,  and  the  true  sex  only  discovered  on  post-mortem 
examination. 

Female  pseudo-hermaphroditism  is  of  much  more  rare  occurrence 
than  male  and  is  susceptible  of  similar  division.  In  all  these  forms 
there  are  ovaries,  and  the  variations  are  in  the  other  organs.  There  is 
(1)  the  internal  in  which  with  well-developed  female  organs,  both  ex- 
I  ternal  and  internal,  there  are  male  organs  present  in  the  persistence  of 
the  Wolffian  ducts,  tubes  passing  from  the  parovarium  to  the  uterus  or 
vagina.  This  condition  is  excessively  rare,  although  in  ruminating  ani- 
mals it  is  a  normal  condition.  (2)  Co77iplete  female  pseudo-hermaphroditism 
presents  the  male  form  of  the  external  organs  as  well  as  a  portion  of  the 
male  internal  organs,  while  the  ovaries  are  the  glands  present.  In  one 
case  the  male  organs  were  complete  as  far  as  the  prostate,  but  from  this 
sprang  vagina,  uterus  and  Fallopian  tubes.  (3)  In  external  female  p>seudo- 
hermaphroditism  the  external  parts  have  the  characters  of  the  male  while 
the  internal  have  those  of  the  female.  It  will  be  understood  that  an  elonsa- 
tion  of  the  chtoris  will  cause  the  parts  to  approach  to  those  of  the  male, 
and  some  cases  present  nothing  more  than  this.  The  name  hermaphro- 
dite can  hardly  be  applied  unless  there  is  as  well  a  type  of  body 
approaching  that  of  the  male,  A  case  is  recorded  in  which  the  real 
sex  was  only  suspected  when  the  person  became  pregnant. 

Other  Malformations  of  the  Female  Organs.— We  have 
DEFECT  of  various  parts  and  in  various  forms.  The  ovaries  may  be 
wanting  or  may  remain  rudimentary.  The  uterus  may  be  awanting, 
and  with  it  the  Fallopian  tubes;  or  it  may  be  quite  rudimentary  (Fig. 
290),  presenting  perhaps  a  solid  rudiment,  or  merely  two  diverging  horns. 
With  this  the  vagina  is  often  defective.  Then  the  uterus  may  remain 
in  the  adult  of  the  foetal  or  infantile  form.    Again,  the  uterus  or 
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vagina  may  be  imperforate,  or  the  hymen  imperforate.  There  are 
also  various  defects  of  the  external  organs,  as  absence  of  the  vulva, 


Fig.  290. — Eudimentary  uterus.   ((iuAiLY  Hewitt  from  Kussmaul.) 


the  vagina  and  urethra  opening  by  a  small  aperture  in  the  region 
which  the  vulva  should  occupj^  The  hymen  may  be  absent,  or  it 
may  present  fimbriated  processes  sometimes  so  large  as  to  project 
externally. 

A  very  interesting  and  important  malformation  is  the  double 
UTERUS.  This  arises  by  reason  of  the  two  Muller's  ducts  uniting 
imperfectly,  and  there  may  be  several  varieties.  We  may  have  the 
uterus  forming  two  distinct  diverging  horns,  and  each  with  a  separate 
vagina.  Or  the  two  horns  may  unite  below  to  a  greater  or  lesser 
extent  (Fig.  291),  the  cavities  remaining  separate,  and  with  the  vagina 


Fig.  201.— Uterus  bicomis.  The  two  horns,  which  are  distinct  above,  are  co- 
alesced in  the  lower  part.  The  cavities,  liowovcr,  are  sejjarate,  and  there  are  two 
vaginas,  as  shown  in  figure.    (Graily  Hewitt  from  Kussmaul.) 
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single  or  double.  Or  the  two  horns  may  be  so  united  that  the  cavity 
of  the  neck  or  even  a  portion  of  the  body  is  single. 

There  are  again  cases  in  which,  without  any  indication  of  separate 
cornua,  the  uterus  is  divided  up  the  middle  by  a  septum,  each  half 
with  a  separate  cervix  and  sometimes  a  separate  vagina.  Or  the 
division  may  be  only  partial,  the  body  of  the  uterus  having  usually 
a  septum,  while.^the  cervix  has  none. 

The  UTERUS  UNICORNIS  occurs  when  one  Muller's  duct  is  unde- 
veloped. This  uterus  is  a  long  thin  structure  which  curves  to  one  side, 
while  the  other  horn  is  absent  or  rudimentary  (Fig.  292), 


Fig  292.— uterus  unicornis.    The  parts  are  viewed  from  behind,  and  the  dis- 
,?^'*-'^'^^r  °°°"Pies  the  backgi-ound.    The  right  hom  is  lar-e,  and  runs  into 
the  Fallopian  tube  whose  fimbriated  extremity  is  shown.    There  is  no  proper  left 
^nvl^'   m  ^''^'1°P15'^  tube  and  round  li-ament  springing  from  the  base  of  the  right 
horn.   (Graily  Hewiit  from  Kussmaul.)  ^ 

Pregnancy  may  occur  in  all  these  forms  of  malformation,  the  foetus 
developing  in  one  half  of  the  uterus.  Even  the  single  horn  in  the 
rase  of  uterus  unicornis,  although  usually  imperfectly  formed,  may  be 
the  seat  of  a  developing  foetus,  which,  however,  usually  causes  rupture 
of  the  ill-developed  organ  in  the  third  to  the  sixth  month. 
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A.— THE  UTERUS  AND  VAGINA. 

MISPLACEMENTS  OF  THE  UTERUS. 

The  ai  rangements  by  which  the  uterus  is  supporte'd  are  of  import- 
ance to  the  understanding  of  the  misplacements  of  the  organ.  In  the 
virgin  the  vagina  forms  a  tolerably  solid  column,  on  the  summit  of 
which  the  uterus  is  supported  and  so  prevented  from  descending.  The 
vagina  is  also  attached,  by  means  of  the  pelvic  fascia,  to  the  bladder 
in  front  and  the  rectum  behind.  The  uterus  is  further  supported 
by  its  ligaments,  and  these  assist  in  preventing  its  descent,  although 
not  so  directly  as  the  vagina.  By  the  ligaments  passing  off  from  its 
lateral  aspects,  the  uterus  is  kept  from  inclining  to  one  side  or  the 
other.  While  capable  of  very  limited  movement  from  above  down- 
wards and  from  side  to  side,  the  body  of  the  uterus  is  very  movable, 
Avithin  certain  limits,  from  before  backwards.  When  the  bladder  and 
rectum  are  full  the  uterus  will  be  tolerably  erect.  When  the  bladder  is 
empty  it  will  be  inclined  forward,  and  a  certain  amount  of  anteversion 
may  be  regarded  as  the  normal  condition  with  an  empty  bladder. 

Prolapse  or  Descent  of  the  Uterus. — This  occurs  for  the  most 
part  as  a  result  of  the  loosening  of  the  attachments  of  the  organ,  com- 
bined frequently  with  increased  weight  from  chronic  inflammation.  It 
may  also  be  produced  suddenly  by  a  severe  exertion,  as  in  raising 
a  heavy  weight.  In  this  case  the  abdomen  is  fixed  in  the  expiratory 
position,  and  by  the  pressure  of  the  abdominal  muscles  and  diaphragm 
the  viscera  are  forced  downwards  and  so  may  carry  the  uterus  down, 
although  here  also  there  may  have  been  some  preliminary  looseness  of 
vagina  and  ligaments.  Besides  increased  weight  of  the  organ  itself,  a 
tumour  by  its  weight  may  assist  in  dragging  it  downwards.  It  will  be 
apparent  that  pregnancy,  with  its  various  circumstances,  will  have 
great  effect  in  loosening  the  attachments  of  the  uterus,  and  prolapse  is 
consequently  much  more  frequent  in  married  women  than  in  virgins. 

The  degree  of  descent  is  very  various ;  it  may  simply  amount  to  a 
lowering  of  the  position  of  the  uterus  an  inch  or  so,  or  it  may  be 
to  any  extent  up  to  the  presentation  of  it  in  the  vulva  or  outside,  this 
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latter  condition  being  designated  rROCiDENTiA.  The  vagina  must 
be  inverted  in  proportion  to  the  descent  of  the  uterus,  and  in  cases 
where  it  is  completely  procident  the  vagina  will  form  an  external  cover- 
ing continuous  with  the  skin  around. 

As  the  uterus  descends  it  is  held  more  by  the  posterior  attachments 
to  the  rectum  than  by  the  anterior  ones  to  the  bladder,  and  there 
is  accordingly  ^a  certain  amount  of  retroversion  along  with  the  pro- 
lapse. ^ 

The  mucous  membrane  of  the  uterus  is  mostly  in  a  state  of  catarrh 
in  prolapse,  with  a  profuse  mucous  discharge,  and  the  organ  itself  is  en- 
larged. There  is  often  a  special  enlargement  of  the  cervix  which  may 
be  so  elongated  as  to  present  externally  mthout  much  misplacement  of 
the  body  of  the  uterus.  The  mucous  membrane  of  the  inverted  vagina 
is  thickened,  and  its  epithelium,  where  exposed,  acquires  characters  like 
those  of  the  epidermis. 

Prolapse  of  the  Vagina. —This  occurs  mostly  in  connection  with 
pregnancy,  and  seems  to  be  caused  by  the  walls  remaining  hyper 
trophied  when  they  ought  to  undergo  the  regular  involution.  The 
thickened  and  loose  vagina  is  thrown  into  folds,  and  these  may  project 
outside  the  vulva.  As  a  consequence  there  may  be  prolapse  of  the 
uterus.  Again,  looking  to  the  close  connections  of  the  vagina  with 
the  rectum  and  bladder,  it  is  not  surprising  that  prolapse  of  the  former 
causes  dragging  on  these  latter  structures.  The  connection  of  the  vagina 
with  the  neck  of  the  bladder  and  trigonum  is  much  more  intimate  than 
with  the  rectum,  and  so  we  have  more  frequently  descent  of  the  former 
than  of  the  latter.  In  this  way  cystocele  and  rectocele  occur,  pouches 
or  diverticula,  from  these  organs  respectively,  passing  downwards  with 
the  prolapsed  vagina. 

Inversion  of  the  Uterus.— This  is  of  very  rare  occurrence.  It 
can  only  happen  when  the  uterus  is  somewhat  enlarged,  or  when,  either 
I  by  its  own  contraction  or  by  the  exercise  of  traction  on  its  fundus,  the 
organ  is  turned  outside  in.    These  conditions  are  best  fulfilled  during 
^  or  after  parturition,  especially  when  the  umbilical  cord  is  pulled  on 
while  the  placenta  is  adherent.    It  may  also  occur  in  connection  with  a 
1  tumour  growing  inside  the  uterus  and  attached  to  its  internal  wall. 
^  The  inverted  uterus  projects  from  the  vulva  as  a  bleeding  mass,  the 
haemorrhage  being  frequently  so  severe  as  rapidly  to  cause  death.  If 
the  patient  survives  and  the  organ  is  not  restored,  inflammation  results 
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and  the  uterus  acquires  attachments  in  its  new  situation,  so  that  resort 
has  sometimes  to  be  had  to  amputation. 

Anteflexion  and  Retroflexion.— By  these  names  are  designated 
the  bending  of  the  uterus  on  itself,  the  lower  part  forming  an  open 
angle  with  the  upper.  The  flexion  takes  place  at  a  point  corresponding 
with  the  internal  os,  and  the  explanation  of  this  seems  to  be  that  the 
portion  of  the  uterus  corresponding  with  the  cervix  is,  in  front  at  least, 
closely  attached  to  the  wall  of  the  bladder,  the  pouch  of  peritoneum 
between  bladder  and  uterus  not  reaching  below  the  level  of  the  internal 
OS.  The  cervix  therefore  being  comparatively  fixed,  the  rest  of  the 
uterus  may  be  bent  either  forwards  or  backwards.  Abnormal  looseness 
of  the  texture  of  the  uterus,  occurring  especially  after  delivery,  renders 
it  more  liable  to  bend,  and  the  flexion  is  always  at  this  place.  But 
again,  if  the  fundus  or  body  of  the  uterus  acquires  adhesions  to  the  parts 
in  front  or  behind,  then  these  adhesions  will  tend  to  give  it  a  permanent 
bend  in  their  direction.  There  is  another  circumstance  which  tends  to 
make  the  flexions  permanent ;  the  uterine  tissue  is  apt  to  waste  in  the 
concavity  of  the  bend,  and  so  there  is  all  the  more  tendency  to  doub- 
ling up. 

All  that  has  been  stated  applies  equally  to  anteflexion  and  retroflexion, 
and  they  are  both  of  frequent  occurrence,  the  former  being  usually 
regarded  as  the  commoner  form. 

Anteversion  and  Retroversion. — In  these  conditions  there  is 
displacement  of  the  entire  organ  forwards  or  backwards.  The  organ 
comes  to  lie  more  horizontally  than  usual,  and  the  cervix  and  os  will  be 
displaced  backwards  or  forwards  in  the  opposite  direction  to  the  fundus. 
These  changes  in  position  occur  for  the  most  part  as  a  result  of  preg- 
nancy, the  uterus  remaining  loose  and  unable  to  support  itself  properly 
in  some  cases.  Anteversion  and  retroversion  rarely  occur  Avithout  a 
certain  amount  of  the  corresponding  flexions. 

These  flexions  and  versions  sometimes  produce  serious  results  in  the 
uterus  itself.  We  have  already  seen  that,  in  the  concavity  of  the  bend,  the 
uterine  tissue  frequently  wastes  and  becomes  less  able  to  retain  the  uterus 
in  the  upright  position.  Then  the  bend,  if  at  all  sudden,  compresses  the 
vessel,  and  may  lead  to  a  chronic  congestion,  by  and  by  resulting  m 
hypertrophy.  Again,  the  curve  may  obstruct  the  canal  of  the  cervix, 
thus  leading  to  dysmenorrhoea.    The  flexions  and  versions  not  infre- 
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'  quently  predispose  to  prolapse.  The  fundus  of  the  uterus  projected 
'  backwards  or  forwards  is  apt  to  irritate  the  bladder  or  rectum  and  so 
i    induce  repeated  straining  efforts  which  tend  to  force  the  uterus  down. 

ATEOPHY,  HYPERTROPHY,   AND   DILATATION"   OF  THE 
i  UTERUS. 

\  ^  . 

\  Atrophy. — We  have  already  seen  that  the  uterus  may  retain  in 
1  adult  life  the  undeveloped  condition  of  that  of  the  child.  On  the  other 
j  hand  the  organ  becomes  smaller  at  the  close  of  the  period  of  sexual 
1  •  activity,  a  kind  of  physiological  atrophy.  There  may  be,  however,  a 
j  premature  atrophy,  in  some  cases  ascribed  to  long-continued  catarrh, 
frequent  pregnancies,  pressure  of  tumours,  etc. 

Hypertrophy. — This  sometimes  occurs  as  a  result  of  imperfect  in- 
volution after  the  physiological  enlargement  of  pregnancy,  and  in  this  case 
the  increase  in  size  is  from  excess  in  the  muscular  substance  mainly. 
Hypertrophy  of  a  similar  kind  occurs,  though  very  rarely,  without  ap- 
parent cause.  There  may  be  hypertrophy  from  congestion  and  chronic 
inflammation  however  caused. 

A  special  hypertrophy  of  the  cervix  has  been  observed  in  many 
cases.  It  occurs  as  a  result  of  imperfect  involution  after  pregnancy, 
but  also  as  a  consequence  of  prolapse  of  the  vagina,  the  cervix  being 
dragged  down  and  greatly  elongated.  With  very  httle  descent  of  the 
uterus  the  cervix  may  be  so  elongated  as  to  present  externally. 

Dilatation. — This  occurs  in  consequence  of  the  retention  and  ac- 
cumulation of  material  in  the  cavity  of  the  uterus.  It  results,  therefore, 
from  obstruction  of  the  vagina  or  of  one  of  the  orifices  of  the  uterus. 
;  There  may  be  congenital  closure  of  the  external  or  internal  os  (gener- 
ally the  external)  or  imperforate  hymen.  When  the  period  of. puberty 
is  reached  and  menstruation  begins  the  blood  accumulates  in  the  uterus, 
and  there  may  be  enormous  distension,  the  contents  having  a  tarry  or 
pulpy  character.  This  condition  is  designated  h^matometra.  The 
uterus  may  assume  the  size  of  the  pregnant  organ,  and  there  is  thicken- 
ing of  its  walls,  which,  however,  are  loose.  If  escape  is  not  provided 
artificially  the  uterus  may  actually  rupture,  not  usually  into  the  peri- 
toneum, but,  after  the  formation  of  adhesions,  into  some  neighbouring 
organ.  The  rupture  is  by  a  process  of  ulceration  from  within,  unless 
external  violence  bursts  the  distended  organ. 

There  may  be  an  acquired  obstruction  of  the  os  uteri  as  from 
:    chronic  catarrh,  or  even  from  inflammation  occurring  after  delivery. 
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In  such  cases  also  Ave  may  have  dilatation  with  the  menstrual  hlood. 
It  is  more  common,  however,  to  have  such  closure  after  menstruation 
has  permanently  ceased,  and  as  a  result  of  chronic  catarrh.  In  that  case 
the  catarrhal  secretion  may  accumulate  and  distend  the  uterus.  After 
a  time  the  contents,  which  are  at  first  mucous  in  character,  hecome 
serous.    This  condition  is  sometimes  called  hydrometra. 

Lastly,  the  organ  is  sometimes  distended  with  gas.  This  may  he 
the  result  of  decomposition  of  the  accumulated  fluid  in  hydrometra,  or 
from  decomposition  of  retained  clots,  etc. ;  hut  cases  have  occurred  in 
which  the  cavity  has  been  dilated  with  gas  and  assumed  considerable 
proportions  without  apparent  cause. 

INFLAMMATIONS  OF  THE  UTERUS  AND  ITS  APPENDAGES. 

These  are  somewhat  various,  and  they  are  differently  named  accord- 
ing to  the  locality  specially  aff"ected.    In  this  way  we  have  to  consider 

ENDOMETRITIS,  METRITIS,  PARAMETRITIS  and  PERIMETRITIS.  The  con- 
dition of  the  uterus  and  vagina  after  delivery  lays  them  open  to  the 
occurrence  of  septic  inflammations,  and  many  of  the  conditions  here 
have  often  this  origin. 

(1)  Endometritis. — This  is  an  inflammation  of  the  mucous  lining 
of  the  uterus.  We  may  have  an  acute  inflammation  set  uj)  by  catching 
cold  at  a  menstrual  period,  or  by  the  extension  of  a  gonorrhoeal  inflam- 
mation from  the  vagina,  or  in  the  course  of  an  acute  fever.  The 
inflammation  may  go  on  to  suppuration  or  even  to  sloughing  of  the 
mucous  membrane  and  the  formation  of  ulcers. 

Chronic  Endometritis  or  chronic  catarrh  is  a  very  frequent  disease, 
and  as  a  whitish  discharge  is  a  characteristic  feature  the  condition  is 
often  called  leucorrhcea.  Apart  from  the  excessive  secretion  the  mucous 
membrane  is  apt  to  become  thickened,  and  it  may  be  thrown  into  folds 
or  give  origin  to  mucous  polypi.  The  cervix  especially  is  often  thick- 
ened, and  the  os  may  present  ulcerations.  These  ulcerations  are  for 
the  most  part  little  more  than  superficial  excoriations,  and  are  impor- 
tant chiefly  as  indicating  the  existence  of  catarrh  of  the  cervix  and  in- 
terior of  the  uterus.  Chronic  catarrh  sometimes  arises  without  any 
apparent  exciting  cause  except  a  general  anaemia,  Avhich  may  be  related 
to  scrofula  or  chlorosis.  During  pregnancy  inflammations  sometimes 
arise  giving  occasion  to  abortions,  adhesions  of  the  placenta,  and  other 
lesions.  The  catarrh  may  also  have  its  origin  in  a  tumour,  a  flexion,  ov 
a  version  of  the  uterus. 
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'  (2)  Metritis. — This  name  is  given  to  inflammation  of  the  wall  of 
the  uterus,  but  it  hardly  occurs  as  an  independent  affection,  being  com- 
monly the  result  of  extension  of  inflammation  from  the  mucous  mem- 
;brane.  Acute  inflammation,  even  with  infiltration  of  the  muscular 
substance  with  blood,  may  follow  gonorrhoea.  We  may  have  also,  from 
various  causes,  a  chronic  inflammation  leading  to  induration,  it  may  be 
with  enlargement?  of  the  uterus.  This  is  sometimes  related  to  imperfect 
involution  of  the  uterus  after  parturition,  or  to  the  various  causes  which 
:  bring  about  endometritis. 

The  terms  Perimetritis  and  Parametritis  are  used  to  designate  inflam- 
mations occurring  in  the  peritoneum  around  the  uterus  (perimetritis), 
and  in  the  connective  tissue  around  the  organ  between  it  and  the  peri- 
toneum (parametritis).  As,  however,  the  Avhole  of  the  peritoneum  of 
the  pelvis  is  apt  to  be  involved  in  the  one  and  the  whole  of  the  con- 
nective tissue  of  the  pelvis  in  the  other,  the  names  pehic  peritonitis  and 
^mlvic  cellulitis  are  at  least  equally  appropriate  terms.  It  will  be  under- 
^;tood  also  that  with  inflammation  of  the  pelvic  peritoneum,  there  will 
frequently  be  an  inflammation  of  the  sub-peritoneal  connective  tissue, 
.so  that  these  two  conditions  frequently  go  together. 
I  (3)  Pelvic  Peritonitis  or  Perimetritis  includes  inflammations  pro- 
duced by  all  sorts  of  causes.  Most  frequently  it  is  an  inflammation  of 
the  uterus  occurring  after  delivery  or  from  gonorrhoea,  which  extends 
through  the  substance  of  the  organ  to  its  serous  coat.  Or  it  may  be 
inflammation  in  the  neighbouring  intestine  or  bladder  that  has  led  to 
it.  Or  a  tumour  in  the  uterus  or  outside  it  may  so  far  irritate  as  to 
cause  a  chronic  inflammation. 

In  some  of  these  cases  the  inflammation  is  acute  and  there  is  danger 
of  a  general  peritonitis,  but  even  when  acute  or  subacute  it  may  be  cir- 
cumscribed by  adhesions,  and  an  abscess  may  form  which  remains  con- 
fined to  the  pelvis.  Such  an  abscess  may  afterwards  burst  into  the 
rectum,  or  vagina,  or  externally.  When  the  inflammation  is  more 
chronic  the  result  is  adhesion  of  the  pelvic  organs,  the  adhesion  being 
effected  here  as  in  the  pleura,  pericardium,  etc.,  by  new-formed  vascular 
onnective  tissue.  The  adhesion  and  contraction  sometimes  lead  to 
,-reat  matting  together  of  the  pelvic  tissues  and  considerable  fixity  of 
the  uterus,  frequently  with  misplacement  and  deformity. 

(4)  Pelvic  Cellulitis  or  Parametritis.— This  consists  in  a  sub- 
acute inflammation  of  the  pelvic  connective  tissue,  generally  occurring 
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after  delivery,  but  also  sometimes  as  a  result  of  operations  on  the 
uterus,  the  introduction  of  pessaries,  the  uterine  sound,  etc.  The  in- 
flammation is  no  doubt  septic,  being  propagated  through  the  uterine 
wall,  being  in  this  respect  comparable  with  erysipelas  and  phlegmonous 
inflammations  generally.  The  inflammation  extends  from  the  uterus,  find- 
ing its  way  apparently  by  the  lymphatic  spaces.  There  are  the  usual  re- 
sults of  inflammation,  but  the  exudation  is  here  the  most  important. 
The  spaces  of  the  connective  tissue  get  filled  up  with  a  serous  exuda- 
tion which  may  be  partly  fibrinous.  There  is  in  this  way  a  great 
tumefaction  of  the  subperitoneal  tissue,  especially  of  the  broad  hga- 
ment,  but  also  that  in  front  of  and  behind  the  uterus  and  in  the  pelvis 
as  a  whole.  The  uterus  is  thus,  as  it  were,  fixed  in  the  midst  of 
tumefied  connective  tissue,  which  may  be  felt  as  a  firm  swelling  on 
examination  per  vaginam. 

Suppuration  generally  ensues,  but  it  may  do  so  very  gradually,  so 
that  it  may  be  long  after  parturition  before  it  occurs.  The  pus  some- 
times extends  a  considerable  distance  from  the  neighbourhood  of  the- 
uterus.  In  this  way  the  inflammation  may  extend  and  the  suppuration 
follow  into  the  iliac  or  even  into  the  lumbar  region.  The  abscesses 
which  result  open  in  very  various  localities,  into  the  vagina,  the  rectum 
or  the  bladder,  or  at  the  surface  in  the  iliac  or  inguinal  region.  In 
these  latter  cases  the  condition  may  simulate  that  of  lumbar  abscess, 
and  mistake  is  the  more  likely  as  the  suppuration  has  perhaps  occurred 
long  after  the  originating  cause.  The  pus  discharged  has  usually  the  char- 
acters as  of  having  been  long  retained,  the  corpuscles  are  largely  fatty, 
and  there  is  usually  a  faeculent  odour  due  to  the  proximity  of  the  abscess 
to  the  rectum. 


PUEEPERAL  FEVER. 

We  have  in  this  case  not  merely  a  local  inflammation  but  a  general 
affection  of  the  system.  The  disease  is  really  a  septic  infection  with  or 
without  pysemic  abscesses. 

We  have  here  to  deal  with  the  entrance  into  the  body  of  pathogenic 
bacteria.  From  what  has  gone  before,  especially  in  studying  pyajmia, 
it  will  be  apparent  that  it  is  probably  a  special  kind  of  bacterium  which 
is  concerned.  It  is  not  necessary  to  suppose  that  the  organism  is  so 
special  as  that  which  causes  splenic  fever,  or  in  fact  that  it  is  always  the 
same  organism.  But  it  must  be  a  pathogenic  form  capable  of  living  and 
multiplying  inside  the  body.    There  are  probably  organisms  of  this 
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kind  in  many  putrid  fluids,  but  they  are  greatly  multiplied  in  the  body 
of  a  person  infected  with  them,  and  are  much  more  likely  to  be  carried 
to  another  person  from  such  an  one.  The  infective  material  of  other 
diseases,  especially  erysipelas,  may  be  the  cause  of  puerperal  fever. 
Hence,  although  puerperal  fever  is  not  to  be  ranked  as  one  of  the 
specific  fevers,  we  can  understand  how  it  is  highly  communicable, 
and  how  it  occurs  in  groups  of  cases  so  as  to  simulate  the  ej)idemic 
form.  In  regard  to  the  form  of  the  organism,  it  is  here  as  in  other 
septic  diseases  a  micrococcus,  and  in  the  peritonitis  which  is  a  frequent 
feature  of  puerperal  fever,  there  may  be  myriads  of  these  organisms  in 
the  peritoneal  cavity. 

The  disease  occurs  in  connection  with  the  puerperal  state,  and  in 
most  cases  there  has  been  some  wounding  of  the  soft  parts  by  the 
passage  of  the  child.  The  protecting  epithelium  being  removed,  the 
bacteria  may  penetrate  into  the  submucous  tissue.  The  result  is  usually  a 
very  violent  local  inflammation,  generally  with  a  distinctly  gangrenous 
tendency.  The  inflammation,  with  sloughing  and  suppuration,  extends 
over  the  internal  surface  of  the  uterus,  and  extensive  ulceration  may  occur. 
The  fibrinous  exudation  covering  and  involving  the  mucous  membrane, 
may  have  the  appearance  of  the  diphtheritic  exudation  in  the  fauces. 
Sometimes,  however,  the  local  inflammation  is  not  very  considerable. 

From  its  local  seat  the  process  extends,  and  results  in  a  more  general 
infection.  The  path  of  extension  and  the  resulting  conditions  are 
various.  The  septic  inflammation  may  extend  along  the  Fallopian 
tubes  and  septic  pus  find  its  way  into  the  peritoneum.  The  resulting 
peritonitis  is  rarely  locaHzed,  but  we  have  rather  a  general  septic  peri- 
tonitis with  resulting  absorption  of  the  products,  and  septic  poisoning. 
In  other  cases  the  organisms  get  into  the  uterine  veins,  and  by  the 
ordinary  process  of  thrombosis,  etc.,  we  may  have  a  pyaemia  having  the 
usual  characters,  with  suppuration  in  the  joints  and  miliary  abscesses 
in  the  lungs  and  elsewhere.  The  thrombosis  here  nearly  always  starts, 
from  the  veins  of  the  placental  part  of  the  uterus.  In  some  cases  there 
appears  to  be  a  septic  infection  of  the  blood  without  any  local  abscessea 
from  embohsm.  In  other  cases  the  inflammation  extends  to  the  con- 
nective tissue  of  the  pelvis.  We  have  a  violent  parametritis  with  acute 
suppuration.  The  inflammation  extends  by  and  by  to  the  peritoneum, 
and  there  is  a  violent  septic  peritonitis,  just  as  when  the  extension  i& 
by  the  Fallopian  tubes.  The  inflammation  may  extend  through  the 
diaphragm,  and  lead  to  a  pleurisy. 

It  will  be  seen  that  in  all  these  cases  there  is  a  vigorous  multiplica- 
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tion  of  the  micrococci,  and  that  there  must  consequently  he  a  great 
formation  of  chemical  products.  An  acute  septic  poisoning  is  the  result, 
and  it  is  probably  this  which  leads  to  the  more  pronounced  symptoms 
of  puerperal  fever. 


PHLECIMASIA  DOLENS. 

This  is  an  affection  in  which  great  redema  occurs  in  one  or  both  legs, 
usually  as  a  sequel  to  the  puerperal  state.  There  is  thrombosis  of  the 
uterine  veins,  the  thrombi  growing,  as  we  have  seen  thrombi  readily 
do,  into  the  iliac  veins,  and  onwards  into  the  femoral  and  its 
branches.  The  starting  point  of  the  thrombosis  is  the  placental  surface 
of  the  uterus,  and  it  is  most  apt  to  occur  when,  through  imperfect  con- 
traction of  the  uterus,  the  veins  are  left  with  gaping  mouths.  It  may 
be  a  question  whether  the  introduction  of  septic  material  induces  the 
■coagulation,  but  in  the  usual  absence  of  the  general  symptoms  of  septic 
poisoning,  it  may  be  doubted  whether  this  has  to  do  at  least  with  the 
extension  of  the  coagulation.  The  thrombosis  may  also  have  its  start- 
ing point  apart  from  the  puerperal  state,  as  in  tumours  of  the  uterus, 
•dysentery,  disease  of  the  rectum,  typhoid  fever,  etc.,  but  as  causes 
these  are  exceedingly  rare. 

We  have  already  seen  that  there  may  l)e  extensive  thrombosis  in  the 
veins  of  the  leg  without  cedema,  and  so  in  this  case  oedema  is  by  no 
means  coincident  in  its  occurrence  with  the  thrombosis.  As,  however, 
the  femoral  vein  takes  by  far  the  greater  part  of  the  blood  from  the  leg, 
and  as  the  other  veins  of  the  leg  also  join  the  iliac,  and  are  consequently 
liable  to  thrombosis  as  well,  there  is  often  ultimately  a  very  comjjlete 
plugging  of  the  veins  of  the  leg.  This  results  in  a  very  marked  cedema. 
It  is  not  improbable  that  the  lymphatics  may  be  also  to  some  extent 
obstructed.  We  have  formerly  seen  that  thrombosis  of  a  vein  induces 
A  chronic  inflammation  in  its  wall  and  around  it  (phlebitis  and  periphle- 
bitis), so  that  there  is  often  considerable  adhesion  of  the  vein  to  its 
.sheath  and  of  the  sheath  to  the  parts  around.  The  lymphatic  vessels 
may  be  affected  by  this  adhesion  and  partially  obstructed.  The  disease 
occurs  most  frequently  in  the  left  leg,  and  this  is  ascribed  by  some  to 
the  fact  that  the  parts  on  the  left  side  of  the  pelvis  are  more  hable  to 
bruising  during  delivery  than  those  on  the  right. 


PERIUTERINE  H/EMATOCELE. 
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PERIUTEEINE  HEMATOCELE. 

This  name  is  given  to  the  condition  in  which  blood  accumulates 
around  the  uterus,  usually  in  Douglas's  space.  The  bleeding  occurs  nearly 
always  at  a  menstrual  period,  and  it  is  natural  to  look  for  the  source  of 
the  blood  in  the  processes  occurring  then,  namely  the  bursting  of  the 
Graafian  vesicle  a^id  bleeding  from  the  uterine  mucous  membrane.  If 
there  is  an  obstruction  to  the  exit  of  blood  from  the  uterus  it  may  pass 
backwards  by  the  Fallopian  tubes  into  the  peritoneum.  This  is  probably 
the  commoner  source  of  the  haemorrhage,  which  also  occurs  from  rupture  of 
one  of  the  veins  of  the  uterine  jdIcxus,  especially  if  these  be  varicose.  At 
the  menstrual  period  there  is  hypersemia  of  these  veins,  as  of  the  whole 
vascular  system  of  the  uterus,  and  they  may  rupture.  There  may  also 
be  haemorrhage  by  rupture  in  extra-uterine  pregnancy,  but  this  falls  to 
be  considered  afterwards.  It  is  also  stated  that  rupture  of  the  vessels 
forming  adhesions  in  perimetritis  may  cause  the  haemorrhage. 

For  the  most  part  the  blood  falls  by  gravitation  into  Douglas's  space 
i  behind  the  uterus,  where,  as  the  serum  is  pressed  out  by  the  contract- 
ing clot  and  absorbed,  the  coagulura  becomes  condensed  and  assumes  a 
kind  of  permanent  position,  from  which  the  designations  hjematoma 
and  HEMATOCELE  have  been  given.  The  uterus  is  pushed  forward  by 
the  tumour  which  can  be  felt  filling  Douglas's  space  on  vaginal 
examination. 

But  the  blood  is  probably  not  in  every  case  within  the  peritoneum^ 
although  in  most  cases  it  is  so.  When  the  blood  escapes  from  a  ruptured 
vein  it  may  accumulate  either  in  the  peritoneum,  or  else  in  the  subperi- 
toneal connective  tissue,  thus  forming  a  parametric  or  extra-peritoneal 
HEMATOCELE.  It  must  be  said,  however,  that  as  the  blood  when  in  the 
4  peritoneum  sets  up  inflammation  with  multiform  adhesions,  it  may  be 
difficult  in  some  cases  to  say  whether  it  has  been  originally  intra-  or 
extra-peritoneal. 

|{  The  blood  acting  as  a  foreign  body  sets  up  a  chronic  inflammation. 
Connective  tissue  is  produced  around  it  forming  adhesions  of  the 
neighbouring  loops  of  intestines  and  the  Hgaments  of  the  uterus.  The 
blood  thus  becomes  enclosed  in  a  capsule,  and  it  may  be  slowly 
encroached  on  by  the  connective  tissue  and  undergo  a  gradual 
absorption.  After  absorption  there  will  usually  remain"  more  or  less 
serious  adhesions  causing  misplacement  and  deformity  of  the  uterus, 
tubes,  or  ovaries.  In  some  cases  the  inflammation  is  more  acute,  and 
suppuration  occurs  in  and  around  the  blood.    Thus  an  abscess  may 
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form  which  bursts  into  the  vagina,  rectum,  or  bladder,  or  even  into  the 
peritoneal  cavity  with  probably  a  fatal  issue. 

EXTRA-UTERINE  PREGNANCY. 

In  this  condition  the  fcetus  docs  not  develop  in  the  uterus,  as  usual. 
It  is  not  necessary  to  describe  particularly  the  various  forms  here,  as 
these  are  taken  up  in  works  on  midwifery.  The  ovum  may  be  impreg- 
nated in  the  ovary  itself,  and,  probably  after  the  rupture  of  the  Graafian 
vesicle,  may  remain  in  the  ovary  and  develop  further.  In  this  case  Ave 
have  an  ovarian  pregnancy,  which  is  exceedingly  rare.  Or  the  ovum 
may  drop  into  the  peritoneal  cavity,  and  having  been  impregnated 
either  before  or  after  its  escape  from  the  ovary,  it  may  develop  in  the 
abdomen,  forming  an  ABDOMINAL  PREGNANCY.  Or  it  may  fail  to  reach 
the  uterus,  only  travelling  a  certain  distance  along  the  tube—  lodging 
at  any  part  of  the  tube — tubal  pregnancy — which  is  the  commonest 
form.  Sometimes  it  is  in  the  last  part  of  the  tube  so  close  to  the 
uterus  as  to  be  imbedded  in  the  substance  of  the  organ — interstitial 

PREGNANCY. 

In  all  these  situations  the  foetus  develops  and  is  surrounded  by  its 
regular  membranes,  the  whole  being  usually  enclosed  in  a  capsule 
formed  of  connective  tissue  from  the  parts  around.  The  placenta 
forms  and  attaches  itself  to  some  of  the  parts  around,  although  cases  occur 
in  which  the  placenta  is  in  the  uterus,  while  the  foetus  is  in  the  tube 
or  even  in  the  abdomen.  After  developing  for  a  time  the  cj'st  usually 
ruptures,  this  occurring  earliest,  as  a  rule,  in  the  tubal  cases.  The 
result  is  profuse  and  generally  fatal  haemorrhage.  If  the  haemorrhage 
does  not  cause  death,  peritonitis  usually  develops  and  proves  fatal. 
But  the  person  may  even  survive  this,  and  in  that  case,  as  a  general 
rule,  the  foetus  softens  and  an  abscess  forms,  which  by  and  by  bursts 
externally,  discharging  the  more  solid  parts  which  have  escaped  the  pro- 
cess of  softening.  In  some  cases,  however,  after  rupture  of  the  cyst 
the  foetus  may  produce  little  inflammation  and  become  quietly  encap- 
suled,  or  even  without  rupture  it  may  die  and  lie  quiescent  as  a  foreign 
body.  In  these  cases  the  foetus  shrivels  and  becomes  mummified,  being 
surrounded  by  a  capsule  formed  of  connective  tissue  and  adherent  to 
surrounding  organs.  In  the  mummified  foetus  the  various  tissues  may 
be  recognized  years  after.  The  capsule  usually  becomes  infiltrated 
with  lime  salts,  so  that  a  kind  of  shell  forms  around  the  foetus. 

In  cases  of  extra-uterine  pregnancy  the  uterus  enlarges,  usually 
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becoming  two  or  three  times  as  large  as  in  the  unimpregnated  con- 
dition. 

I         SYPHILIS  AND  TUBERCULOSIS  OF  THE  UTEEUS. 

Syphilis  manifests  itself  in  the  vagina  and  vulva  in  the  form  of  the 
hard  chancre,  which  may  even  occur  at  the  os  uteri.  It  does  not  pre- 
sent in  these  situations  any  peculiarities  distinguishing  it  from  chancre  of 
bhe  skin  elsewhere.  Condylomata  of  considerable  size  also  occur  in  the 
mlva  and  vagina,  often  forming  warty  projections. 

Tuberculosis  hardly  occurs  in  the  vagina ;  it  is  met  with  in  the 
iterus,  but  is  probably  always  secondary,  being  propagated  from  the 
Fallopian  tubes  (see  p.  762).  It  may  produce  extensive  destruction  of  the 
iterus,  ulcers  forming,  on  the  surface  of  which  there  may  be  considerable 
iaseous  masses.  Tubercular  nodules  form  outside  the  ulcers  in  the 
mucous  membrane  and  muscular  substance,  and  the  ulcers  enlarge  by 
■aseous  necrosis  and  breaking  down  of  these  tubercles.  The  ulcers  thus 
iularge  in  depth  and  superficies,  and  may  involve  the  whole  interior  of 
'he  uterus,  whose  surface  is  exceedingly  irregular.  There  is  nearly 
ilways  associated  tuberculosis  of  the  tubes  and  sometimes  of  the  ovaries 
Lud  peritoneum. 

i 

TUMOURS  OF  THE  UTERUS  AND  VAGINA. 

Polypoid  Hematoma  of  the  Uterus.— This  form  of  tumour 
onsists  of  coagulated  and  condensed  blood,  and  strictly  speakin-  is 
ot  a  proper  tumour.  It  is  of  importance,  however,  as  it  considerrbly 
esembles  the  much  commoner  myoma  of  the  uterus.  It  is  sometimes 
esignated  the  fibrinous  uterine  polypus.  It  consists  of  a  mass  of 
lood  clot  which  by  shrinking  has  become  dense  and  hard  It  may 
ttam  considerable  dimensions,  hanging  it  may  be  into  the  vagina 
ousistmg  of  blood-clot  it  has  originated  in  hemorrhage,  but  there  must 
e  some  reason  for  the  adhesion  of  the  clot  to  the  uterine  wall  This 
^  mostly  afforded  by  the  placenta  which  has  been  retained  after 
ehvery  or  abortion.  The  whole  placenta  may  be  retained  as  in 
'g.  293,  or  It  may  be  only  a  portion.  On  the  other  hand,  the  rou^h 
irface,  after  removal  of  the  placenta,  may  induce  the  coagulation  of 
lood  which  If  retained  may  grow  by  fresh  coagulation.  As  the 
■  omatoma  originates  in  hemorrhage  it  is  usually  associated  with  it 
.roughout-its  course  The  blood  mostly  escapes  into  the  vagina,  but 
.me  of  it  may  coagulate  and  increase  the  size  of  the  polypus 
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Myoma  of  the  Uterus.— This  is  an  exceedingly  frequent  form  of 
tumour ;  it  is  said  to  occur  in  about  every  tenth  woman.    Nothing  can 


Fig.  293. — Polypoid  liajmatoma  of  uterus  after  an  abortion  in  the  second 
month  ;  a,  projecting  part  of  matenial  placenta  and  wall  of  uterus  ;  b, 
remains  of  foetal  placenta ;  c,  stratified  coagtila  around  the  foetal  placenta. 
Natural  size.  (Virchow.) 

be  said  definitely  as  to  the  cause  of  the  formation  of  these  tumours,  but 
as  they  grow  for  the  most  part  in  the  form  of  isolated  pieces  of  musculai- 
tissue,  it  may  be  supposed  that  in  the  foetus  there  have  been  bits  of  the 
embryonic  muscular  tissue  left  over  in  the  formation  of  the  organ. 

The  structure  of  the  myoma  has  already  been  sufficiently  described 
in  the  part  devoted  to  this  form  of  tumour  in  general  (see  p.  194,  and 
Figs.  70  and  71),  and  we  have  here  mainly  to  do  with  certain  local 
pecuharities.  The  tumour  is  very  often  multiple,  and  there  may  be  as 
many  as  fifty  attached  to  the  same  uterus.  We  may  have  a  single 
small  tumour  no  larger  than  a  pea,  or  a  large  growth  weighing  as  nine 
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;    as  fifty  pounds,  or  a  group  of  tumours  surrounding  the  uterus  and 
burying  it. 

The  SUBSEROUS  MYOMA,  originating  in  the  external  layers  of  the 
■  uterus,  passes  outwards  as  it  grows,  and  pushes  the  peritoneal  coat 
I  before  it.  In  this  way  it  frequently  becomes  pedunculated.  The 
1  subserous  form  is  often  multiple,  and  as  from  its  situation  it  is  pro- 
t  tected,  the  tumour  may  grow  for  many  years  undisturbed,  and  reach 
•  very  large  dimensions.  Such  large  myomas  may  be  mistaken  for 
!  ovarian  tumours  and  excised  as  such,  and  this  is  the  more  likely 
to  occur  as  the  formation  of  cysts,  to  be  referred  to  presently,  not 
1  infrequently  occurs  in  them.  A  subserous  myoma  has  been  known  to 
part  company  with  the  uterus  and  become  attached  to  a  neighbouring 
part  of  the  peritoneum  where  it  has  grown.  Of  course  the  separation 
and  the  acquirement  of  new  attachments  would  be  gradual. 

The  INTERSTITIAL  or  INTRAPARIETAL  MYOMA  arises  in  the  middle 
layers  of  the  uterus.  In  its  growth  it  involves  the  wall  of  the  uterus,, 
and  may  cause  enormous  enlargement  of  the  organ.  This  form  de- 
velops mostly  at  the  fundus.  The  tumour  and  greatly  enlarged  uterus 
may  form  together  a  very  bulky  mass,  which  as  a  whole  is  liable  to  be. 
mistaken  for  an  ovarian  or  other  tumour.  The  author  has  met  with 
several  cases  in  which  the  tumour  and  uterus  were  excised  under  this 
belief.  In  one  of  these  the  tumours  seemed  to  be  multiple  and  the 
uterine  wall  could  not  be  distinguished  from  tumours,  the  greatly 
enlarged  cavity  of  the  uterus  being  surrounded  by  irregularly  lobulated 
masses  of  muscular  tissue.  In  this  case  it  looked  as  if  the  uterus  as  a 
whole  had  undergone  an  irregular  hypertrophy,  or  had  grown  into  a 
massive  tumour. 

The  SUBMUCOUS  MYOMA  is  the  form  which  most  frequently  comes 
under  the  notice  of  the  practitioner.  Arising  in  the  internal  layers  of 
the  uterus,  it  readily  passes  inwards,  pushing  the  mucous  membrane 
before  it,  and  from  the  action  of  gravity  it  tends  to  become  pendulous. 
The  submucous  myoma,  therefore,  very  often  presents  itself  as  a  poly- 
pus (the  so-called  fibroid  polypus),  and  it  may  have  a  very  narrow  neck. 
It  very  often  arises  at  the  fundus,  and  may  grow  to  such  dimensions  as  to 
fill  the  uterus,  and  hang  down  through  the  cervix  into  the  vagina.  The 
mucous  membrane  covering  the  tumour  is  subject  to  irritation,  and 
there  is  frequently  haemorrhage  and  ulceration,  even  with  sloughing  in 
some  cases. 


The  myomas  present  considerable  varieties  in  the  details  of  their 
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structure.  Tlioy  vary  in  tlie  proportion  of  muscular  to  fibrous  tissue, 
as  we  have  already  seen,  but  the  muscular  bundles  always  occupy  such 
a  preponderating  relation  that  when  attention  is  paid  to  the  airange- 
ment  of  the  nuclei  (Fig.  294)  there  can  never  be  any  doubt  as  to  the 
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Fig.  294.-Sectiou  of  a  myoma  of  uterus  stained  with  carmine  so  as  to  show  the  multiple 
nuclei,    x  350. 

nature  of  the  tumour.  It  is  true  that  the  hardness  of  many  myomas, 
and  the  glistening  character  of  the  cut  surface,  as  well  as  the  concentric 
arrangement  of  the  trabeculse  as  seen  with  the  naked  eye,  suggest  the 
characters  of  a  fibrous  tumour.  But  even  in  the  hardest  of  them  the 
muscular  elements  are  perfectly  pronounced,  and  the  name  uterine  fibroid 
is  misapplied.  There  is  always  a  certain  amount  of  connective  tissue  in 
myomas,  as  in  all  tumours,  this  tissue  accompanying  and  supporting  the 
blood-vessels  just  as  in  other  tumours.  It  sometimes  undergoes  increase 
and  causes  induration  of  the  tumour,  but  the  hardness  of  myomas  is  by 
no  means  always  in  proportion  to  the  amount  of  connective  tissue  which 

they  contain.  , 
CEdema  occurs  in  myomas,  especially  when  they  are  polypoid,  ana 
have  a  narrow  neck.    The  oedema  consists  in  a  distension  of  the 
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lymphatic  spaces  with  fluid,  and  it  causes  the  tumour  to  be  remarkably 
soft,  so  as  even  in  some  cases  to  resemble  a  mucous  polypus.  The  for- 
mation of  CYSTS  may  be  a  further  development  of  the  oedema,  but 
it  also  occurs  by  breaking  down  of  the  tumour  tissue.  This  occurs  for 
the  most  part  in  large  subserous  myomas.  The  cysts  are  very  irregular 
in^  form,  and  have  no  proper  layer  of  epithelium  lining  them.  Their 
origin  in  connection  with  the  lymphatics  is  often  indicated  by  the 
fact  that  the  fluid,  when  withdrawn,  frequently  coagulates  spontane- 
ously. 

Dilatation  of  the  blood-vessels  occurs  not  infrequently,  and 
especially  in  the  uterine  polypi.  This  dilatation,  occurring  at  the 
expense  of  the  muscular  tissue,  may  lead  to  a  cavernous  condition 
of  the  tumour,  there  being  large  irregular  spaces  filled  with  blood.  In 
that  case  there  maybe  considerable  haemorrhage  in  the  substance  of  the 
tumour,  as  well  as  externally. 

As  we  have  already  seen,  the  connective  tissue  of  the  tumour 
may  undergo  calcareous  infiltration,  so  that  the   tumour  has 
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sometimes  undergoes  calcification,  as  we  have  seen,  and  as  Fi.  095 
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Cancers  of  the  Uterus  and  Vagina. — In  the  great  majority 
of  cases  the  cancer  begins  just  about  the  junction  of  the  uterus  and 
vagina,  and  involves  both  as  it  extends.  The  disease  scarcely  occurs 
before  the  age  of  thirty,  and  is  most  prevalent  between  forty  and 
fifty.  It  appears  also  from  the  statistics  of  West  that,  contrary  to 
what  is  sometimes  stated,  it  occurs  much  more  frequently  in  women 
who  have  borne  children  than  in  those  who  have  not,  and  most  frequently 
in  those  who  have  had  more  than  the  usual  number  of  pregnancies  ;  as 
if  the  disease  developed  most  readily  when  the  uterus  is  deteriorated  by 
repeated  conceptions. 

There  are  various  appearances  presented  by  cancer  of  the  uterus,  but 
the  commonest  form  is  that  usually  described  as  soft  or  medullary 
CANCER.  The  individual  elements  are  not  essentially  different  to  those 
in  what  is  called  epithelial  cancer,  but  this  form  tends  much  more  to  infil- 


Fig.  296.— Section  of  cancer  of  uterus  under  a  very  low  power,  sho■w^^g  mode  of 
advance  into  wall  of  uterus  ;  a,  muscular  substance  of  uterus,  uiterrupted  tre- 
quently  (as  at  h)  by  masses  of  cancerous  structure.  At  lower  part  of  figure  (at  c) 
tiie  muscular  substance  is  stiU  more  frequently  interrupted  and  the  tissue  Has 
quite  an  alveolar  appearance,  the  muscle  partly  forming  the  stroma.    X  -2. 

trate  deeply,  while  the  epithehoma  is  more  superficial  in  its  mode  of  growth. 
The  medullary  cancer  begins  as  an  infiltration  of  a  limited  part  of  the 
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portio  vaginalis  of  the  cervix,  and  thus  extends  more  or  less  round  the 
external  os.  By  and  by  the  whole  portio  vaginalis  is  converted  into  a 
hard,  irregularly  prominent  tumour.  At  first  the  infiltration  is  con- 
fined to  the  mucous  membrane  and  submucous  tissue,  but  by  degrees  it 
spreads  both  deeply  and  laterally.  It  insinuates  itself  into  the  muscular 
substance  of  the  uterus,  separating  and  breaking  up  the  muscular 
trabeculse,  which  come  to  form  a  kind  of  rough  stroma  for  it  (see  Fig. 

296)  .  It  also  passes  into  the  vagina,  infiltrating  its  wall.  Very  soon 
ulceration  of  the  surface  sets  in,  and  in  the  subsequent  progress  there 
is  a  progressive  ulceration  and  infiltration,  the  former  following  the 
latter.  The  infiltration  passes  into  the  body  of  the  uterus,  but  does  not 
usually  reach  the  fundus  before  the  death  of  the  patient.  If  the  parts 
be  now  examined  post-mortem  (Fig. 

297)  ,  it  will  be  seen  that  an  irregularly 
excavated  ulcer  occupies  the  adjacent 
parts  of  the  uterus  and  vagina,  rendering 
their  respective  limits  inappreciable. 
Then  outside  this  there  is  the  whitish 
cancerous  tissue,  which  extends  into  the 
uterine  substance  some  lines  beyond  the 
ulcer. 

This  disease  affects  neighbouring 
structures.  There  are  cancerous  masses 
usually  in  the  ligaments  and  under  the 
peritoneum.    The  bladder  is  frequently 

adherent  to  the  uterine  cancer  and  its  Fig.  297.-cancer  of  uterus,  the  parts 
mucous  membrane  red  and  irregular,  or  ^^r^^i^l^^o^^AVt'e  il^l 
else  it  presents  cancerous  nodules.  The  t'^nt  cSwertS^to  ^r^^Sut^iSou"" 
ulceration  even  extends  sometimes  into  ((Jraily  Hewitt  from  martin.) 

the  bladder,  which  forms  thus  a  communication  with  the  vagina.  The 
rectum  is  much  less  closely  related  to  the  cervix  uteri'' than  the 
bladder,  and  it  is  less  frequently  involved.  Those  parts  of  the 
uterus  which  are  not  engaged  in  the  cancerous  disease  are  inflamed, 
and  adhesions  are  formed  to  the  rectum  and  urinary  bladder.  Although 
thus  extending  locally,  the  cancer  tends  very  httle  to  form  secondary 
tumours  in  the  lymphatic  glands,  and  still  more  seldom  does  it  become 
generalized. 

It  sometimes  happens  that  the  new-formation  of  cancerous  tissue 
IS  more  vigorous  than  the  ulceration,  and  in  that  case  we  may  have  pro- 
mment  ragged  masses  hanging  into  the  vao-ina. 
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The  microscopic  examination  of  this  form  of  cancer  shows  masses  of 
epithehal  colls,  usiuilly  of  considerable  size,  arranged  irregularly  in 
alveoli,  the  stroma  being  lai-gely  formed  by  the  remains  of  the  sti'uc- 
tures  into  which  it  has  inliltrated. 


Fig.  298. — Caiiliflower  cancer  of  posterior  lip  of  os  uteri.  A  probe  is 
passed  through  the  os,  and  the  anterior  lip  in  front  of  it  is  seen  to  be 
normal,  while  a  cauhflower  growth  projects  from  the  posterior. 
(Simpson.) 


Epithelial  Cancer  is  hardly  to  be  distinctly  delimited  from  the 
former,  but  is  characterized  by  a  more  superficial  outgrowth  of  promin- 
ent warty  projections,  while  the  deeper  infiltration  is  slower  and  less 
in  degree.  The  disease  begins,  as  in  the  other  case,  in  the  portio 
vaginalis,  and  at  first  there  is  little  more  than  a  prominent  warty 
outgrowth.  But  the  warty  growth  increases  while  the  base  becomes 
infiltrated  till  a  bulky  prominence  results,  whose  surface,  consisting  of 
masses  of  papilliform  projections,  gives  the  character  of  the  CAULI- 
FLOWER EXCRESCENCE  (Fig.  298). 

This  form  of  tumour  is  also  liable  to  ulceration,  and  there  may  be  a 
combination  of  ulceration  with  papilliform  projections,  although,  after 
a  time,  the  papillae  may  be  destroyed  and  the  appearances  approximate 
to  those  of  the  other  form  of  cancer. 

Under  the  microscope  the  structure  here  is  more  that  of  flat-celled 
epithelioma.  The  prominent  papilla?  are  covered  with  pavement  epi- 
thelium, and  the  deeper  infiltration  consists  of  masses  of  flat  cells. 
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A  few  cases  have  been  observed  in  which  colloid  cancer  has  been 
the  form  occurring  in  the  uterus,  the  situation  being  the  same  as  in  the 
other  more  common  forms.  In  rare  cases  also  a  cancer  may  arise  from 
the  fundus  uteri. 

Mucous  Polypi  of  the  Uterus. — These  are  met  with  mainly  as 
the  result  of  clonic  inflammation  of  the  mucous  membrane,  and  may 
spring  from  the  body  of  the  uterus  or  the  cervix.  Sometimes  there  is 
a  general  irregular  prominence  of  the  mucous  membrane,  but  usually 
there  are  definite  polypoid  outgrowths.  The  mucous  poljrpus  may  con- 
sist of  a  limited  hypertrophy  of  the  mucous  membrane,  the  tumour  being 
a  tolerably  firm  one  unless,  as  sometimes  hajjpens,  it  becomes  soft  by 
oedema  or  by  the  excessive  development  of  its  vessels.  In  this  latter 
case  we  may  have  a  tumour  approaching  to  the  cavernous  character. 
Or  polypi  may  consist  largely  of  glandular  structures,  mucous  glands 
being  apparently  new-formed  so  as  to  provide  the  tissue  of  the  tumour. 
These  polypi  are  comparatively  soft,  and  may  grow  to  a  considerable 
size,  especially  when  they  become  cystic.  We  have  already  seen  that 
tumours  consisting  of  glandular  tissue  are  peculiarly  apt  to  become 
cystic,  and  these  form  no  exceptions.  These  larger  polypi  may  some- 
what distend  the  uterus. 

Other  Tumours  are  seldom  met  with.  Sarcomas  are  of  rare 
occurrence,  and  of  those  recorded  the  majority  have  been  spindle-celled 
sarcomas,  although  the  round-celled  form  has  also  been  seen.  The  sar- 
coma may  develop  in  a  myoma,  or  a  muscular  tumour  in  its  rapid 
growth  soft  consistence  and  looser  structure  may  assume  the  characters 
of  a  MYOSARCOMA.  Papillosias  are  also  met  with  at  the  portio  vaginalis, 
and  may  resemble  cauliflower  cancers. 

Parasites  are  rare  in  the  uterus  and  vagina.  Thread  worms  may 
pass  over  from  the  rectum.  Bacteria  are  frequently  met  with  in  the 
vaginal  secretion,  and  the  fibres  of  leptothrix  also  occur  frequently. 
The  oidium  albicans  is  found  in  connection  with  thrush.  The  cysti- 
cercus  cellulosse  has  been  doubtfully  seen  in  the  uterus,  and  the  echino- 
coccus  ^vith  exceeding  rarity. 
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B.— OVARIES,  FALLOPIAN  TUBES  AND  LIGAMENTS. 

OVARIAN  HERNIA. 

In  this  condition  one  or  both  ovaries  descend  into  a  regular  sac. 
The  ovary  sometimes  forms  part  of  the  contents  of  an  ordinary  hernial 
sac,  but  there  are  cases  in  which  the  ovary  alone  is  present,  and  its 
descent  constitutes  the  primary  condition.  These  cases  are  mostly 
inguinal  and  have  a  congenital  origin,  and  there  seems  reason  to  infer 
with  Englisch  that  they  are  produced  by  a  descent  of  the  ovary  com- 
parable with  the  normal  descent  of  the  testicle.  When  the  testicle  has 
descended,  the  sac  forms  the  tunica  vaginalis,  and  is  shut  off  from  the 
peritoneum  except  in  the  case  of  congenital  inguinal  hernia  when  the 
sac  remains  oj)en.  In  ovarian  hernia  the  sac  remains  open  also,  so  that  it 
is  like  congenital  inguinal  hernia  in  the  male,  but  generally  -vWthout  the 
presence  of  intestine  in  the  sac.  The  sac  usually  appears  in  the  upper 
inguinal  region,  but  may  pass  into  the  labium  majus.  Like  the  testicle, 
the  ovary  is  fixed  in  the  wall  of  the  sac  except  in  so  far  as  its  ligaments 
allow  of  a  certain  mobihty.  Hence  it  is  usually  irreducible,  although, 
if  the  ligaments  are  long,  they  may  allow  of  the  ovary  passing  into  the 
abdomen  while  still  attached  to  the  bottom  of  the  sac. 

The  ovary  in  its  abnormal  position  undergoes  the  usual  changes  at 
the  menstrual  periods,  and  being  in  a  confined  position  its  enlargement 
may  cause  pain.  Sometimes  the  condition  is  discovered  by  attention 
being  directed  to  it  by  pain  and  inconvenience  during  menstruation. 
The  ovary  may  also  become  the  seat  of  tumours  while  in  the  sac  or  may 
be  inflamed.  Sometimes  it  has  given  rise  to  such  inconvenience  in  its 
abnormal  situation  that  excision  has  been  resorted  to. 

Besides  these  cases  of  inguinal  hernia  the  ovary  may  enter  a  crural 
or  an  abdominal  hernia,  but  these  are  not  congenital  and  are  not  in  the 
same  relation  to  the  descent  of  the  testicle  as  the  case  just  considered. 

INFLAMMATIONS  OF  THE  OVARIES  AND  TUBES. 

The  Fallopian  Tubes  sometimes  inflame  when  the  uterus  is  the 
seat  of  acute  inflammation,  but  they  and  the  ovaries  are  most  frequently 
aff"ected  with  acute  inflammation  in  connection  with  the  puerperal  con- 
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ditions  already  considered.  An  acute  perimetritis  or  a  puerperal  fever 
is  very  often  accompanied  by  suppurative  inflammation  of  the  tubes, 
which  may  be  distended  with  pus  so  as  to  form  abscesses,  their  aper- 
tures having  become  obstructed.  In  addition  to  that  the  tubes  are 
often  adherent  and  distorted  by  chronic  inflammations  of  the  uterine 
peritoneum  and  of  the  ovaries.  Those  chronic  inflammations,  by  con- 
torting and  obstructing  the  tubes,  often  lead  to  dilatation  by  the  secre- 
tion being  retained. 

Acute  Oophoritis,  or  acute  inflammation  of  the  ovaries,  occurs  also 
as  a  sequel  of  the  puerperal  state.  It  may  be  a  part  of  a  perimetritis, 
or  a  pelvic  abscess  may  be  associated  with  abscesses  in  the  ovaries,  and 
as  these  conditions  rarely  occur  apart  from  pregnancy  so  is  it  with  the 
ovarian  inflammation.  The  ovary  becomes  swollen  and  hypersemic  and 
suppuration  usually  ensues.  The  pus  at  first  forms  in  elongated 
streaks  from  the  hilus  to  the  periphery,  but  after  a  time  there  are  more 
distinct  abscesses.  The  Graafian  vesicles  also  frequently  become  filled 
with  pus.  The  peritoneal  surface  will  also  be  inflamed  and  probably 
coated  with  a  fibrinous  or  semi-purulent  exudation. 

Chronic  Oophoritis  is  a  condition  concerning  which  considerable 
variety  of  opinion  is  held.  We  know  that  at  each  menstrual  period  the 
ovaries  undergo  changes  which  present  many  analogies  with  inflamma- 
tion. They  become  hypersemic  and  enlarged,  and  a  Graafian  vesicle 
bursts,  leaving  a  wound  which  has  to  heal  by  granulation.  At  these 
periods  then  it  seems  likely  that  a  chronic  inflammation  may  be  readily 
set  up  by  exposure  to  cold,  cold  baths,  or  sexual  excitement.  But  it  is 
not  to  be  inferred  in  all  cases  where  ovarian  disturbances  are  thus 
produced  that  there  are  present  the  actual  anatomical  phenomena  of 
inflammation. 

Chronic  inflammation  is  manifested  by  an  interstitial  new-formation 
of  connective  tissue,  and  is  comparable  to  cirrhosis  of  the  liver  or  kidney, 
and  Hke  these  accompanied  by  shrinking  of  the  organ.  The  capsule  is 
thickened,  and  the  contracting  tissue  in  the  organ  produces  irregular 
depressions  of  the  surface.  The  thickening  is  often  pecuHarly  manifest 
around  the  Graafian  vesicles,  and  this  with  the  thickening  of  the 
capsule  may  prevent  the  vesicles  bursting.  Sometimes  a  ripe  vesicle 
instead  of  bursting  externally  ruptures  into  the  substance  of  the  ovary 
and  so  produces  further  inflammatory  disturbance.  With  these  changes 
m  the  ovary  itself  there  is  usually  adhesion  of  the  capsule  to  the  parts 
around,  the  chronic  inflammation  causing  the  formation  of  vascular  con- 
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nective  tissue  wliich  unites  opposed  surfaces.  In  this  way  there  may 
be  disphicements  of  the  ovaries. 

If  tlie  Graafian  vesicles  are  prevented  from 
bursting,  the  fluid  which  naturally  exists  in 
them  may  become  augmented,  and  the  vesicles 
thus  be  converted  into  cysts  (Fig.  299).  A 
limited  number  of  small  cysts  may  thus  be 
formed,  and  it  is  not  impossible  that  cysts 
having  this  origin  may  grow  to  some  size, 
having  always  the  character  of  simple  cysts 

I.lg  200.  ^Cystic  formation  in  ^Jth  SCrOUS  COUtents. 
ovary  from  dilatation  of  Graafian 

vesicles.  (Virchow.)  Jt  ig  to  be  rememl)ered  that  in  old  age  the 

ovaries  are  often  shrunk  and  the  capsules  thickened,  but  this  is  not  to 
be  set  down  as  the  result  of  chronic  inflammation. 


TUBERCULOSIS  OF  THE  OVAEY  AND  TUBES. 

This  affection  occurs  with  exceeding  rarity  in  the  ovaries,  in  the  form 
of  caseous  masses.  It  is  more  common  in  the  tubes,  and  here  the  appear- 
ances are  very  like  those  in  tuberculosis  of  the  ureters.    The  tube  is 


Fig.  300.-  Tuberculosis  of  Fallopian  tubes  seen  from  behind,  a,  uterus;  h,  b,  fimbriated  ex 
mities  of  the  tubes ;  e,  right  ovary.  The  right  tube  is  seen  to  be  very  greatly  dilated  and  con- 
voluted. The  dilatation  disappears  just  before  the  uterine  termination  of  the  tube.  The  left 
tube  is  much  less  affected,  being  most  dilated  at  its  distal  part.  There  was  also  tuberculosis 
of  the  lungs  and  mesenteric  glands. 

enlarged,  sometimes  very  greatly  so,  and  it  forms  varicose  sausage-like 
convolutions  (Fig.  300).    Internally  there  is  a  caseous  layer  with,  it 
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may  be,  some  accumulation  of  pus,  mucus,  and  debris.  The  caseous 
layer  is  somewhat  consistent,  forming  a  continuous  lining  to  the  tube. 
Outside  this  the  wall  is  greatly  thickened,  mainly  by  inflammatory  new- 
formation  in  which  tubercles  are  to  be  found. 

Along  with  the  tuberculosis  of  the  tubes  and  the  very  rare  tubercul- 
osis of  the  ovaries  there  is  usually  similar  disease  elsewhere,  such  as 
phthisis  pulmonalis,  tuberculosis  of  the  urinary  organs,  or  tuberculosis  of 
the  peritoneum,  disease  commonly  aff"ects  both  tubes,  generally 

beginning  near  the  abdominal  extremity,  and  often  extending  the  whole 
length  of  the  tube  even  into  the  uterus. 

TUMOUES  OF  THE  OVAEY. 

Tumours  of  the  ovary  have  the  peculiarity  that  they  commonly  grow 
to  large  dimensions.  We  may  perhaps  associate  this  with  the  functions 
of  the  organ,  which  imply,  at  least  in  the  Graafian  vesicles,  a  remarkable 
formative  power.  The  cysts  are  the  most  frequent  and  important  forms, 
and  they  are  here  taken  first. 

Simple  Cysts  occur  which  are  in  many  respects  comparable  with 
the  simple  cysts  which  are  so  frequent  in  the  kidney,  and  like  them 
have  no  very  special  significance.  They  are  produced,  as  already  indi- 
cated, by  dropsy  of  the  Graafian  vesicles,  as  was  proved  by  the  discovery 
by  Eokitansky  of  an  ovum  in  such  a  cyst.  Simple  cysts  may  be  of  con- 
genital origin,  having  been  observed  in  new-born  children.  As  a 
general  rule  there  are  several  cysts  simultaneously  developed,  usually 
from  ten  to  twenty,  but  one  or  a  few  may  attain  a  preponderatinu' 
size.  The  cysts  have  a  distinct  smooth  lining  membrane,  with 
a  smgle  layer  of  epithelium.  The  contents  are  mostly  clear  serum, 
but  from  haemorrhage  they  may  be  dark,  or  from  inflammation  turbid' 
The  enlargement  of  the  ovary  is  not  generally  great  in  this  form 
of  cystic  disease ;  it  rarely  reaches  the  size  of  the  fist,  and  still  more 
rarely  that  of  the  head.  If  there  are  several  cysts,  they  take  shape  by 
mutual  pressure. 

Colloid  Ovarian  CvsTS.-These  are  of  much  more  frequent  occur- 
rence and  vastly  more  important.  To  this  class  of  cysts  the  name 
CYSTOMA  IS  properly  applied,  because  they  arise  by  a  distinct  new- 
formation,  there  being  first  produced  a  preparatory  tissue,  which  goes 
light  on  to  the  formation  of  the  cysts. 
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These  cysts  form  very  bulky  tumours,  and  while  the  tumour  itself  is 
formed  of  a  number  of  larger  and  smaller  cysts,  there  is  always  in  the 
walls  of  these  more  or  less  solid  material  which  shows  various  stages 
in  the  process  of  cystic  formation.  It  is  to  be  noted  also  that  the 
tumour,  sometimes  of  enormous  size,  represents  the  ovary  as  a  whole, 
and  is  not  merely  something  added  to  it,  the  external  covering  of  the 
cyst  being  strictly  analogous  to  the  surface  of  the  ovary. 

It  has  been  said  that  in  the  wall  of  the  cysts  there  is  solid  tissue 
which  shows  the  various  stages  in  the  process.  If  this  be  examined 
microscopically,  there  will  be  found  a  glandular  structure  (see  Fig.  301) 


Fig.  301.— Section  of  tissue  in  wall  of  an  ovarian  cyst.  There  is  a  congeries  of  glandular  struc- 
tures lined  with  cylindrical  epithelium,    x  150. 

in  the  form  of  tubular  canals  lined  with  cylindrical  epithelium.  These 
gland-like  structures  often  project  into  cysts  in  a  somewhat  papilliform 


Fig.  302.— Portion  of  waU  of  coUoid  ovarian  cyst.    The  lining  epitheUum  is  mostly  in 
the  form  of  goblet  cells,    x  350. 

manner,  and  altogether  they  show  a  very  striking  power  of  new-forma- 
tion.   We  have  in  this  way  glandular  tubes  on  the  one  hand,  and 
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villous  or  papillary  outgrowths  on  the  other.  The  transformation  into 
cysts  is  readily  seen  in  many  cases.  The  glandular  tubes  become  con- 
stricted at  their  necks,  or,  the  villi  being  pressed  together,  unite  at  their 
apices.  The  cylindrical  epithelium  presents  very  markedly  the  goblet 
form  seen  in  mucous  glands  (Fig.  302),  and  it  secretes  a  colloid  material, 
which  accumulates  in  the  cavity  and  distends  it  more  and  more  into  a 
globular  cyst,  ^^e  have  therefore  in  the  walls  of  the  cysts,  very  com- 
monly large  numbers  of  smaller  cysts  which  take  their  shaj^e  by  mutual 
pressure  as  in  Fig.  303.    Cysts  formed  in  this  way  project  into  the 


Fig.  303.— Section  of  portion  of  a  projection  on  internal  surface  of  ovarian  cyst.  It  consists  of  a 
congenes  of  variously  sized  smaller  cysts,    x  20.  v^ioiOLo 


already  existing  cysts  as  they  grow,  and  may  afterwards  burst  and  become 
flattened  out  on  the  wall  of  the  older  cyst.  As  all  the  cysts  have  had 
a  similar  origin,  they  are  lined  with  epithelium,  whose  function  it  is  to 
secrete  a  colloid  or  mucoid  fluid,  and  so  the  cysts,  once  formed,  have  an 
almost  continuous  tendency  to  increase. 
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There  arises  here  the  question  as  to  the  origin  and  siunificance 
OF  THIS  glandular  TISSUE,  and  in  order  to  understand  this  we  must 
go  back  to  the  original  development  of  the  ovary.  The  primordial 
ovary  consists  of  a  layer  of  epithelium  on  the  surface  of  a  connective 
tissue  projection.  The  ova  form  by  the  penetration  or  reduplication 
inwards  of  this  superficial  epithelium,  which  at  first  forms  a  series 
of  communicating  channels,  which  Waldeyer  compares  to  a  cavernous 
tissue.  By  the  constriction  of  these  canals  the  ova  are  formed,  it 
being  doubtful  whether  the  cells  of  the  membrana  granulosa  which 
line  the  Graafian  vesicle  are  derived  from  this  epithelium  or  from 
the  connective-tissue  stroma.  The  glandular  formation  in  ovarian 
cj^stoma  may  be  regarded  as  a  pathological  and  exaggerated  recur- 
rence of  the  foetal  condition.  It  may  be  that  some  of  the  glandular 
structure  which  original!}^  forms  the  ova  is  left  over  from  the  foetal 
state,  or  else  that  even  in  adult  life  there  may  be  a  fresh  develop- 
ment of  the  glandular  structures,  originating  in  the  Graafian  vesicles. 
The  probability  is  that  the  real  origin  is  in  a  persistence  of  the  original 
glandular  tubules. 

Having  studied  the  mode  of  formation  of  the  cysts,  it  now  remains 
to  consider  the  appearances  of  the  tumours  as  a  whole.  The 
tumour  represents  an  ovary,  and  its  outer  covering  is  the  outer  cover- 
ing of  the  ovary  with  its  layer  of  endothelium.  The  surface  is  usually 
.smooth  and  very  often  free  from  adhesion  to  neighbouring  structures. 
In  shape  the  tumour  is  more  or  less  globular,  and  its  external  configura- 
tion may  not  suggest  that  it  is  composed  of  man}^  cysts.  The  size  of  the 
tumour  may  be  very  great  in  some  cases,  much  larger  than  that  of  the 
uterus  at  the  full  time.  On  cutting  into  it  there  escapes  from  the  cysts 
a  sticky  brownish  or  yellowish  fluid,  which  is  tolerably  clear  unless 
some  of  the  secondary  changes,  to  be  presently  described  have  occurred 
in  it.  There  may  be  one  cyst  or  a  few  of  greatly  preponderating  size, 
but  even  when  at  first  sight  there  is  only  one  larger  cyst,  examination 
will  show  the  existence  of  others.  These  may  be  flattened  out  in  the 
wall,  or  they  may  be  collected  here  and  there  in  clusters.  Generally 
towards  the  base  of  the  tumour,  but  in  many  cases  at  various  places, 
there  are  solid  or  semi-solid  masses  in  which  cysts  are  in  process 
of  development  in  the  way  already  described.  Sometimes  the  glan- 
dular tissue  presents  a  tendency  to  form  papilhform  projections  into 
the  cysts,  and  we  may  have  in  this  way  dentritic  or  shaggy  projections 
in  the  internal  wall.    If,  as  is  usually  the  case,  there  are  many  cysts, 
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they  take  shape  by  mutual  pressure  against  each  other,  while  the 
general  globular  outline  of  the  tumour  as  a  whole  is  preserved. 

The  cysts  are  liable  to  undergo  certain  CHANGES  which  concern 
chiefly  their  contents.  It  seems  almost  a  normal  condition  in  large 
cysts  that  the  internal  wall  should  present  collections  of  cells  in  a  state 
of  fatty  degeneration,  these  cells  being  often  in  many  layers.  The  cells 
also  pass  into  the  iluid,  so  that  in  all  ovarian  fluids  cells  are  to  be  found 
of  round  shape  and  with  oil  drops  in  them.  So  universally  are  these 
present  in  the  fluid  from  ovarian  cysts  that  Dr.  Drysdale  has  insisted 
on  their  discovery  as  an  important  diagnostic  indication.  In  addition 
to  small  cells  having  a  few  minute  oil  granules  in  them  there  are 
usually  larger  ones  -VAdth  more  oil  drops,  up  to  large  cells  having  the 
regular  characters  of  compound  granular  corpuscles. 

The  number  of  these  fatty  cells  may  be  greatly  increased,  and  as 
many  of  them  in  that  case  break  down  we  may  have  a  fluid  which  is 
turbid  from  the  presence  of  numerous  fatty  cells  and  free  oil.  The 
fluid  is  also  pale  like  a  fatty  emulsion,  and  in  many  cases  it  resembles 
pus  in  its  physical  characters.  This  change  is  most  likely  to  occur  in 
old  and  large  cysts,  but  it  is  not  infrequent  in  younger  and  smaller 
ones,  and  it  is  important  to  bear  this  in  mind  because  this  condition  is 
apt  to  be  mistaken  for  actual  sujDimration  of  the  cysts,  a  much  more 
rare  occurrence. 

The  free  fat  if  long  retained  is  very  apt  to  form  crystals  of  choles- 
tearine,  and  in  fact  these  crystals  are  frequently  found  in  the  fluid  of 
cysts  which  otherwise  are  not  strikingly  altered. 

HEMORRHAGE  occasionally  occurs  into  the  cysts,  especially  when 
there  are  papilhform  projections.  This  will  cause  the  fluid  to  be  turbid 
and  deep  brown  or  red  in  colour.  There  may  also  be  masses  of  soft- 
ened fibrine  in  the  cavity.  Sometimes,  however,  the  fluid  has  a  dark 
brown  colour  without  haemorrhage. 

Inflammation  of  the  cyst  wall  is  not  of  very  frequent  occurrence. 
There  may  be  an  acute  suppurative  inflammation,  so  that  the  contents 
become  mixed  with  pus  and  assume  more  and  more  of  the  purulent 
character.  AVith  this  there  is  generally  an  acute  inflammation  of 
the  surface  with  fibrinous  exudation  and  adhesion  to  neighbouring 
structures.  If  the  suppuration  continue  there  is  apt  to  be  perforation 
of  the^  pus  into  the  abdominal  cavity  with  resulting  fatal  peritonitis.  A 
chronic  inflammation  is  more  common,  causing  adhesion  of  the  cyst 
to  neighbouring  parts,  and  these  adhesions  may  be  very  extensive 
and  firm. 
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Pekfohation  of  the  cyst  wall  is  usually  the  result  of  suppura- 
tion or  gangrene,  but  may  be  a  consequence  of  the  papillary  growths 
impinging  against  the  wall  and  causing  atrophy.  A  case  is  mentioned 
by  Klebs  in  which  the  cyst  had  opened  into  the  rectum  in  this  way. 
The  result  is  usually  peritonitis,  but  if  there  has  been  no  inflammation 
or  gangrene,  then  the  simple  existence  of  the  fluid  in  the  abdominal 
cavity  need  not  cause  peritonitis. 

It  is  here  to  be  remarked  that  the  colloid  ovarian  cyst  sometimes 
occurs  in  combination  with  the  dermoid  cyst  on  the  one  hand  and 
cancer  on  the  other. 


Dermoid  Cysts. — These  have  already  been  referred  to  in  describing 
the  teratoma.  They  are  of  comparatively  frequent  occurrence  in  the 
ovary,  and  considering  the  function  of  this  organ  it  may  perhaps  be  in- 


Fie-  304  -Section  of  waU  of  dermoid  cyst  of  ovary.  A  congeries  of  sebaceous  glands  witli 
opei  mouihs  (a  a,  «)  occupy  the  waU.  The  cyst  contained  large  masses  of  buttery  material 
with  hairs,    x  20. 

ferred  that  they  arise  from  the  ova  by  a  kind  of  equivocal  generation. 
The  cysts  are  usually  single,  but  there  may  be  several  in  the  same  ovary. 
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They  grow  slowly  and  form  globular  tumours  with  a  dense  connective- 
tissue  capsule.  Internally  there  is  an  ejDithelial  lining  which,  in  some 
parts,  develops  a  more  complex  structure.  We  have  already  mentioned 
how  sebaceous  glands  (Fig.  304),  hairs  (Fig.  305),  bones  and  even  teeth 
may  enter  into  the  constitution  of  the  wall, 
and  a  buttery  material  with  hairs  and  some- 
times teeth  formHhe  contents. 

These  cysts  not  infrequently  inflame  and 
may  rupture,  most  frequently  into  the  blad- 
der or  rectum,  their  peculiar  contents  being 
discharged  and  so  reveahng  the  nature  of 
the  case. 

Cancer  of  the  Ovary  occurs  mostly 
as  a  cyst  with  cancerous  growths  in  its 
walls.  There  may  be  a  combination  of  the 
colloid  cyst  with  cancer,  or  a  partial  trans- 
formation of  the  former  into  the  latter; 

considering  the  glandular  character  of  the  Fig.  305.— Hair  in  its  follicle  with 
Structures  forming  the  colloid  cyst,  this  SSrMormeX"n-r\1o.^'"' 
cannot  be  regarded  as  very  remarkable.  In  the  ordinary  colloid 
cyst  the  epithelium  has  a  regular  and  normal  arrangement,  and  we 
may  call  the  tumour  in  that  aspect  an  adenoma;  in  the  cancer  the 
epithelium  is  distinctly  abnormal  in  its  arrangement,  being  aggregated 
mto  indefinite  masses.  It  may  even  happen  that  in  the  midst  of  the 
cancer  the  epithehum  is  undergoing  metamorphosis,  so  that  cysts  are 
developing  from  it  as  from  the  more  regular  glandular  tissue. 

Besides  these  cancerous  cysts  we  may  have  a  solid  cancerous  tumour 
m  the  ovary,  presenting  the  usual  characters,  but  hke  the  ovarian  tum- 
ours showing  a  very  excessive  growth. 

Sarcoma  is  a  rare  tumour  in  the  ovary.  Spindle-celled  sarcoma  is  the 
more  usual  form,  but  round-celled  sarcomas  also  occur.  These  tumours 
may  also  assume  very  large  proportions  reaching  the  size  of  the  head 
sometimes,  and  they  are  not  infrequently  bilateral.  Cysts  are  frequently 
present  m  the  midst  of  them,  and  these  may  be  simple  serous  cysts  or 
they  may  have  colloid  contents.  These  latter  may  arise  from  glandular 
structures,  and  the  disease  may  form  a  combination  of  the  colloid  cys- 
toma and  the  sarcoma,  or  they  may  originate  in  a  softening  of  the 
sarcomatous  tissue. 

3  c 
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For  the  rest,  fibromas  and  en  chondromas  have  been  met  with  in  the 
ovaries  on  rare  occasions. 


CYSTS  or  THE  BROAD  LIGAMENTS— PAROVARIAN  CYSTS. 

These  cysts  deserve  special  mention,  especially  from  a  practical  point 
of  view,  in  relation  to  their  diagnosis  from  ovarian  cysts. 

The  probability  is  that  most  of  the  cysts  of  the  broad  ligament 
develop  in  connection  with  the  remains  of  the  Wolffian  body,  commonly 
called  the  PAROVARIUM.  The  exact  relations  of  this  body  are  of  import- 
ance in  regard  to  the  relations  of  the  resulting  cyst,  and  the  principal 
points  will  be  gathered  from  the  accompanying  figure  (Fig.  306). 


Fio-  306  — Diagi-ammatic  view  of  uterus  and  appendages.  j50,  parovanum;  od,  Fallopian 
tube";  fi'  its  fimbriated  extremity  ;  o,  ovary,  with  a  ligament  to  the  right  proceeding  to 
the  fimbriated  extremity,  and  one  to  the  left  to  the  uterus  near  the  ongm  of  the  FaUopian 
tube.  (QuAiN.) 

The  parovarium  lies  between  the  two  folds  of  the  peritoneum  consti- 
tuting the  broad  hgament,  and  under  the  arch  of  the  Fallopian  tube,  be- 
tween the  latter  and  the  ovary.  When  the  broad  ligament  is  held  up 
against  the  light  by  catching  the  Fallopian  tube,  the  parovarium  can  be 
seen  as  a  series  of  tubules,  converging  towards  the  ovary.  In  the  figure 
a  little  tube  with  a  knob  at  its  end  {h)  represents  a  frequently  occurring 
so-called  hydatid,  which  is  one  of  the  tubules  with  a  cystic  dilatation  at 
its  extremity.  This  cyst  may  undergo  slight  enlargement,  but  it  does 
not  come  practically  into  account  as  forming  the  proper  parovarian 
cyst ;  probably  if  it  enlarges  much  its  very  narrow  neck  is  apt  to  get 
broken  or  twisted  and  the  cyst  will  then  shrink.  In  connection  with 
the  anatomical  details  it  is  to  be  further  noted  that  a  firm  ligamen 
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unites  the  ovary  to  the  upper  angle  of  the  uterus  just  below  the  origin 
of  the  Fallopian  tube  (see  figure).  The  ovary  is  also  united  (see 
figure)  to  the  fimbriated  extremity  of  the  Falloj^ian  tube,  so  that  the 
parovarium  is  as  it  were  surrounded  by  a  girdle  of  structures,  Fallopian 
tube  above,  and  continuous  with  it  the  ligament  passing  to  the  ovary, 
the  ovary  itself  and  the  proper  ovarian  ligament. 

One  or  more  qf  the  tubes  of  the  parovarium  sometimes  undergoes 
great  enlargement^  and  constitutes  the  parovarian  cyst.  Whether 
originating  in  one  tube  or  in  more  than  one  the  cyst  is  nearly  always 
a  single  one,  and  it  assumes  a  typically  globular  form.  From  the 
anatomical  relations  just  referred  to,  it  comes  about  that  the  cyst  as  it 
'  enlarges  stretches  the  structures  named  as  forming  a  girdle  round  it. 
There  is  frequently  great  elongation  and  dilatation  of  the  Fallof)ian  tube, 
which  may  be  fourteen  or  fifteen  inches  in  length  and  arches  over  the 
convexity  of  the  cyst,  its  fimbriated  extremity  being  spread  out  on  the 
surface,  considerably  exaggerated  and  drawn  out.  One  part  of  the 
fimbriated  mouth  is  drawn  downwards  towards  the  ovary,  which  again 
is  found  flattened  and  greatly  elongated  on  the  under  surface  of  the 
cyst.    The  hgament  of  the  ovary  is  also  elongated  and  thickened. 

The  cyst  itself  is  a  perfectly  homogeneous  bladder,  consisting  of 
a  connective-tissue  wall  lined  with  epithelium.  Besides  this  proper 
cyst  wall  there  is  an  external  coat  of  peritoneum,  which  is  quite  distinct 
from  the  proper  cyst  wall.  So  loose  is  the  connection  between  the  two 
that  the  peritoneal  coat  can  usually  be  stripped  from  the  cyst  wall, 
so  that  two  globular  cysts  can  be  separated,  hke  the  external  and  internal 
layers  of  a  football.  As  the  parovarium  is  covered  on  both  sides  with 
peritoneum,  forming  the  folds  of  the  broad  ligament,  we  can  understand 
how  in  enlarging  the  cyst  retains  a  distinct  peritoneal  coat.  The 
elasticity  of  the  peritoneum  doubtless  allows  of  its  distension,  but  there 
must  also  be  some  increase  of  peritoneal  tissue  as  the  coat  is  not  thinner 
than  the  ordinary  peritoneum. 

The  contents  of  the  cyst  are  a  clear  limpid  fluid,  of  low  specific 
gravity,  sometimes  as  low  as  1003,  and  not  exceeding  1008.  It  is  very 
rare  to  find  any  considerable  secondary  alteration  of  the  cyst  wall  or  its 
contents,  but  inflammation  may  occur. 

By  RUPTURE  or  perforation  (paracentesis)  the  cyst,  being  a  single 
one,  will  be  completely  emptied,  and  it  is  noteworthy  that  there  does 
not  seem  to  be  much  tendency  to  refilling.  In  one  examined  by  the 
author  with  Dr.  Gairdner,  the  cyst,  to  judge  from  the  symptoms,  had 
been  of  large  size,  and  ruptured  sixteen  months  before  death.    It  was 
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found  lying  in  the  abdomen  collapsed  and  flattened,  and  a  cicatrix 
represented  the  point  of  rupture.  The  cyst  could  be  Idown  up  to  the 
size  of  a  child's  head,  but  the  corrugated  appearance  of  the  internal  wall 
showed  that  it  had  been  much  larger.  Here  the  peritoneal  coat,  which 
could  be  easily  stripped,  had  contracted  to  suit  the  diminished  size  and 
was  smooth  on  the  surface,  while  the  proper  cyst  wall  being  devoid  of  j 
elasticity  was  thrown  into  ridges,  ; 

It  may  be  useful  here  to  compare  the  parovarian  with  the  ovarian 
cyst.    The  former  is  a  single  cyst,  the  latter  never  really  single, 
although  it  may  simulate  the  unilocular  character;  accordingly  the  formei- 
is  completely  emptied  by  tapping,  the  latter  only  partially.    The  ^ 
parovarian  fluid  is  limpid  and  its  specific  gravity  never  above  1008,  I 
while  the  fluid  of  the  ovarian  cyst  is  mostly  more  or  less  glutinous, 
usually  brownish  in  colour,  and  of  a  specific  gravity  over  1020.  It 
is  important  also  that  the  parovarian  cyst  after  being  emptied  may  not 
refill,  while  in  the  case  of  the  ovarian  cyst  if  that  which  has  been 
emptied  does  not  refill,  others  groAV  to  take  its  place.    When  the  cyst  ■ 
itself  is  examined  the  stretching  and  enormous  elongation  of  the  | 
Fallopian  tube  are  usually  very  characteristic  in  the  parovarian  cyst,  m 
although  it  may  happen  that  an  ovarian  cyst  will  groAv  mainly  from  the  " 
upper  part  of  the  ovary,  and  so  cause  stretching  of  the  tube.  Then 
there  is,  in  the  case  of  the  parovarian  cyst,  the  ready  separation  of  the 
peritoneal  coat,  whereas  in  the  ovarian  cyst  there  is  no  such  isolable 
layer.    This  arises  from  the  fact  that  the  peritoneum  over  the  ovary  is 
only  represented  by  a  layer  of  endothelium,  and  not  by  a  membrane 
distinct  from  the  capsule.    The  ovarian  cyst  being  the  ovary  itself  with 
cystic  development,  it  has  its  external  covering  formed  simply  of  the  1 
exaggerated  ovarian  capsule.     One  can  sometimes  tear  this  capsule 
into  layers  for  a  certain  distance,  but  no  continuous  separation  of  the 
coats  is  possible.    There  is,  lastly,  the  fact  that  the  parovarian  cyst  is  a 
single  simple  bladder,  whereas  even  in  the   case  of  dropsy  of  the 
Graafian  vesicles  there  are  several  cysts,  and  in  the  common  colloid  I 
cyst  there  are  multitudes  of  developing  cysts  and  sohd  glandular  tissue,  j 
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I  C— THE  MAMMARY  GLAND. 

I  MALFORMATiONStOF  THE  Breast. — One  or  both  mammse  may  be 
I  absent.  It  is  more  frequent,  however,  to  have  supernumerary  breasts  or 
I  nipples,  sometimes  three,  four,  or  even  five,  instead  of  two.  The  super- 
I  numerary  breasts  are  usually  situated  near  the  axillae,  or  under  the 
I  normal  ones.  But  there  are  cases  in  which  they  have  had  a  very 
I  abnormal  situation,  as  in  the  inguinal  region,  on  the  thigh,  or  even  on 
I  the  back.  They  are  usually  small  in  size,  but  in  some  cases  they  have 
I  produced  milk  during  lactation.    It  may  be  noted  that  the  occurrence 

■  of  additional  mammae  is  not  altogether  extraordinary,  considering  that 
I  in  the  lower  animals  the  mammse  are  usually  more  in  number  than  in 
I  man. 

I      Inflammation  of  the  Mamma. — This  rarely  occurs  except  in  con- 

■  nection  with  lactation.    During  this  process,  and  especially  at  its 

■  commencement,  the  structures  in  the  mamma  are  the  seat  of  very  active 
I  processes  ;  there  is  hypersemia  and  an  active  secretion  of  milk.  Under 
I  these  circumstances  inflammation  is  more  readily  induced  than  usual. 
I  It  may  happen  that  contraction  of  the  arteries  from  accidental  circum- 
I  stances,  such  as  exposure  to  cold,  may  induce  inflammation.  We  know 
H  that  an  inflammation  may  be  induced  in  animals  by  ligaturing  an  artery 
I  for  a  time  and  then  loosening  it,  and  we  may  believe  that  partial  con- 

■  tractions  of  the  arteries  may  act  in  this  way.  Even  a  general  irrit- 
I  ation  of  the  vaso-motor  centre  by  reflex  action,  when  the  skin  is  exposed 

■  to  cold,  may,  in  the  case  of  the  highly  excited  vascular  system  of  the 
I  mamma  at  the  commencement  of  lactation,  induce  inflammation.  Again, 
W  disease  of  the  nipples,  such  as  cracks  and  ulcers,  often  induce  inflamma- 
tion in  the  breasts.  We  may  believe  that  here  the  irritant  which  has 
caused  the  lesion  in  the  nipple  may  extend  along  the  tubes  and  cause 
inflammation  in  the  mamma.  At  the  time  of  puberty,  the  female 
breast  undergoes  a  special  development,  and  is  also  in  an  active  state, 
and  at  this  period  inflammations  are  also  apt  to  be  induced. 

The  inflammation  is  usually  an  exceedingly  acute  one,  and  is  accom- 
panied by  exudation,  the  interstitial  tissue  being  packed  with  leucocytes 
and  the  breast  hardened.    This  hardening  is  often  local,  as  the  inflam- 
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mation  is  usually  to  some  extent  limited  to  certain  parts  of  the  breast. 
But  very  often  the  exudation  of  leucocytes  goes  on  to  actual  suppura- 
tion and  the  formation  of  abscess,  sometimes  with  sloughing  of  the 
tissue.  The  abscess  so  formed  may  have  extensive  ramifications  in  the 
mamma,  especially  if  the  pus  does  not  get  vent  externally.  After 
evacuation  the  cavity  fills  with  granulation  cells,  and  finally  closes,  and 
a  cicatrix  is  formed. 

A  CHRONIC  INFLAMMATION  resulting,  after  the  usual  manner  of 
interstitial  inflammation,  in  induration  of  the  organ,  has  been  described, 
but  is  not  of  frequent  occurrence. 

TUMOURS  OF  THE  MAMMA. 

Adenoma  of  the  Mamma. — This  form  of  tumour  is  of  somewhat 
common  occurrence.  It  is  met  with  chiefly  as  an  isolated  tumour, 
either  in  the  midst  of  the  gland  or  in  its  neighbourhood.  There  is  pre- 
served in  the  museum  of  the  Western  Infirmary  a  tumour  the  situation 
of  which  was  behind  the  gland,  which  had  to  be  cut  through  in  order 
to  remove  it.  The  tumour  was  thus  almost  like  a  supernumerar\- 
mamma.    Tumours  of  this  kind  are  surrounded  by  a  distinct  connective 


r 
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Fig.  307.— Section  of  an  adenoma  of  mamma.  Glandular  struc- 
tures of  well-formed  outline  are  shown  in  the  midst  of  fibrous 
tissue.  X90. 

tissue  capsule  which  isolates  them  from  the  gland  or  from  the  neigh- 
bouring tissue. 
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Under  the  microscope  the  tumour  (see  Fig.  307)  presents  a  perfectly 
regular  glandular  structure,  with  acini  and  ducts,  but  of  course  without 
any  external  communication.  Between  the  glandular  elements  there  is 
connective  tissue  which  is  sparsely  nucleated  like  that  of  the  normal 
gland. 

Adenoid  sai^oma  and  sarcoma. — The  adenoid  sarcoma  is  a 
form  of  tumour  in  which  there  is  glandular  tissue  with  sarcomatous 
tissue  between  the  glandular  structures.  Doubts  have  been  expressed 
as  to  the  actual  new- formation  of  gland  tissue  in  tumours  presenting 
sarcomatous  elements,  but  as  we  meet  with  tumours  presenting  all 
gradations  between  the  simple  adenomas  and  the  tyj)ical  sarcomas,  we 
can  hardly  refuse  to  believe  that  glandular  new-formation  does  take 
place  in  the  cases  under  consideration.  When  much  glandular  tissue  is 
present,  as  in  Fig.  308,  the  tumour  is  usually  isolated,  and  j)artially 


Fig.  308.— Section  of  an  adenoid  sarcoma  of  the  mamma.  Glandular 
structures  are  shown  with  spindle-cell  tissue  between,    x  90. 


separated  from  the  surrounding  mammary  tissue,  and  there  is  sometimes 
more  than  one  distinct  tumour  present. 

The  glandular  structures  are  as  in  the  adenoma,  acini  and  smaller 
tubules,  but  they  do  not  conform  so  strictly  in  their  arrangement  to  the 
type  of  the  normal  mamma.  The  sarcomatous  tissue  evidently  arises 
from  the  interstitial  tissue,  and  is  usually  spindle-celled.  In  regard  to 
this  tissue  great  varieties  are  presented.  The  cells  may  be  compara- 
tively Hmited  in  number,  so  that  the  tissue  is  a  connective  tissue  with 
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an  excess  of  spindle  cells.  From  this  we  have  all  gradations  up  to  a 
complete  spindle-celled  tissue  separating  the  glandular  elements. 

From  cases  in  which  there  is  a  new-formation  both  of  glandular  and 
sarcomatous  tissue,  it  is  difficult  to  distinguish  those  in  which  the  new- 
formation  is  entirely  sarcomatous,  and  any  glandular  tissue  is  simply 
the  remains  of  the  normal  mammary  structure.  Tumours  are  of  fre- 
quent occurrence  in  the  mamma,  in  which  it  may  be  said  at  least  that 
the  glandular  element  is  very  subordinate,  and  these  tumours  warrant 
the  designation  of  true  sarcoma. 

Such  tumours  are  not  usually  isolated  or  defined  from  the  neighbour- 
ing mammary  tissue.  They  sometimes  involve  a  limited  part  of  the 
mamma,  that  portion  undergoing  what  may  almost  be  called  a  sarcoma- 
tous degeneration.  That  is  to  say,  its  interstitial  tissue  becomes  con- 
verted into  spindle-  or  round-celled  tissue,  while  its  glandular  structures 
are  variously  contorted.  But  not  infrequently  the  disease  affects  the 
whole  mamma;  there  is  a  diffuse  sarcomatous  growth.  In  that  case  the 
mamma  is  greatly  enlarged,  and  may  attain  a  weight  of  10  or  20  lbs. 
The  tumour  may  involve  the  skin  and  ulceration  may  occur.  There 
may  thus  be  a  deep  ulcer  in  the  midst  of  a  massive  tumour. 

Under  the  microscope  the  sarcomatous  elements  are  seen  most  pro- 
minently, while  the  glandular  elements  are  somewhat  sparse  or  entirely 
absent;  but  here  and  there  a  duct  lined  with  epithelium  or  a  misshapen 
acinus  may  be  found.  For  the  most  part  the  glandular  structures  seem 
to  be  drawn  out  so  that  tubes  are  much  more  frequent  than  acini. 

In  these  sarcomas  cysts  are  very  frequent,  and  sometimes  the  cystic 
formation  is  so  marked  that  the  name  CYSTOSARCOMA  is  given.  The 
cysts  take  origin  in  the  glandular  structures.  Perhaps  because  of  ob- 
struction of  the  latter  they  may  dilate  and  form  distinct  cavities  in  the 
midst  of  the  sarcomatous  tissue.  A  minor  degree  of  this  is  very  common, 
glandular  structure  being  represented  by  elongated  spaces  lined  wdth 
epithelium,  which  is  mostly  cylindrical  (see  Fig.  309).  Even  in  these 
incipient  cysts  we  can  often  see  that  the  sarcomatous  tissue  is,  as  it 
were,  pushing  its  way  into  them  (see  figure),  a  kind  of  papillary  growth 
presenting  itself  in  the  wall  of  the  space,  the  growth  being  covered  mth 
epithelium  Hke  that  lining  the  space.  Sometimes  this  intracystic 
GROWTH  is  very  marked,  and  we  may  have  large  cysts  filled  with 
ingrowing  masses  of  sarcoma.  In  fact  it  sometimes  appears  as  if  the 
main  growth  of  the  tumour  were  into  greatly  dilated  gland  ducts. 
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It  need  hardly  be  added  that  the  sarcomas  and  adenoid  sarcomas 
present  mahgnant  characters,  chiefly  in  the  form  of  a  tendency  to  local 


„  Jif  •  ^°^-~^^™i'ii*S»'ai"matic  view  of  dilated  glandular  spaces  in  a  cystosarcoma  of  the 
mamma.    The  spaces  are  lined  with  fTrlinHinVni  ov,ifv,oi,-„^     rri,„  +„„  j-i  .  ,  , . 


^nwth  ic  ci.n^Pf'^^  are  lined  with  cylindrical  epithelium.  The  tendency  to  intra-eystic 
^  t^t  thp  n^^'  ^«P^«i''*"y  tlie  "PPer  one.  These  were  drawn  under  the  camera  liicida 
so  tnat  tne  outunes  are  coirect.    x  62. 

recurrence.  If  an  adenoid  sarcoma  is  excised  it  will  probably  recur  as 
a  pure  sarcoma,  but  the  author  has  seen,  in  a  case  of  recurrence,  an 
arrangement  of  the  spindle  cells  as  if  around  distinct  centres,  which 
suggested  glandular  structure.  These  tumours,  on  recurrence,  also 
become^softer,  and  the  cells  more  loose. 

There  are  also  sarcomas  in  the  mamma  which  are  not  related  to  the 


glandular  structure  either  directly  or  indirectly.  These  are  usually 
spmdle-celled  sarcomas,  but  they  may  be  considerably  mixed,  cartilao-e 
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oven  occurring  as  part  of  their  structure,  as  in  the  case  from  which 
Fig.  310  was  taken. 

Cancer  of  the  Mamma.— According  to  what  has  been  stated  in  the 
general  section  of  this  work,  we  have  in  cancer  an  aberrant  growth  of 
epithelium  as  the  foundation  process,  and  in  the  first  place  we  may 
consider  the  finer  details  of  the  overgrowth.  In  the  more  ordinary 
form  of  cancer  of  the  breast  the  process  begins  in  the  glandular  acini. 
As  a  rule,  it  is  a  chronic  process,  and  along  with  new-formation  of 
epithelium  in  the  acini,  there  is  formation  of  round  cells  in  the 
connective  tissue  around.  The  epithelium  of  the  acini  grows  through 
the  basement  membrane,  forming  penetrating  processes,  and  the  round 
cells  develop  connective  tissue  which  frequently  causes  great  contraction 
of  the  tumour  (Scirrhus).  It  is  as  if  the  epithelium,  growing  outwards, 
acted  as  an  irritant,  causing  inflammatory  new-formation  in  the  inter- 
stitial tissue  of  the  gland.  Where  the  case  is  very  chronic,  the 
connective-tissue  formation  may  be  very  pronounced,  but  Avhen  more 
acute  the  epithelial  elements  preponderate.  Cancers  which  take  origin 
in  the  glandular  acini  may  be  called  parenchymatous  cancers. 

But  cancers-  may  take  origin  rather  in  the  ducts  of  the  gland, 
forming  a  class  called  duct  cancers  (Thin).  These  very  often  begin 
in  the  large  ducts  in  or  near  the  nipple.  In  this  case  the  growing 
epithelium  often  distends  the  ducts,  forming  cavities  which  are  some- 
times lined  with  cylindrical  epithelium,  with  more  irregular  epithelium 
inside.  Such  dilated  ducts  may  even  have  the  appearance  of  cysts, 
so  that  the  tumour  may  appear  cystic  This  process  in  the  ducts 
is  also  associated  with  irritation  of  the  surrounding  connective  tissue, 
so  that  there  are  round  cells  and  new-formed  connective  tissue. 
The  special  characters  of  duct  cancer  are  usually  most  manifest  in  the 
parts  near  the  nipple,  where  it  generally  begins.  On  passing  into  the 
substance  of  the  gland  the  appearances  are  more  like  those  of  the 
other  form. 

Duct  cancer  is  sometimes  associated  with  the  condition  known 
as  Facet's  disease  or  eczema  of  the  nipple.  Eczema,  as  indicated 
in  the  section  on  Diseases  of  the  Skin,  is  an  inflammation  of  the  skin,  in 
which  both  the  epidermis  and  the  superficial  layers  of  the  cutis  are  en- 
gaged. In  the  case  of  duct  cancer,  the  affection  of  the  ducts  seems 
to  induce  an  inflammation  of  the  skin  of  the  nipple  and  parts  around, 
characterized  by  the  usual  formation  of  round-cell  tissue.  The  super- 
ficial or  papillary  region  of  the  skin  may  then  be,  replaced  almost 
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entirely  by  round  cells  -with  nests  of  epithelium  in  their  midst,  and  the 
condition  is  somewhat  like  that  of  a  granulating  wound.  The  epithelium 
of  the  surface  takes  little  part  in  the  process,  and  it  may  be  lost,  so 
that  the  granulation  tissue  is  exposed.  As  the  cancerous  process  begins 
commonly  in  the  nipple,  this  condition  of  eczema  may  be  a  very  early 
one,  and  may  precede,  it  may  be  for  many  months,  the  actual  appear- 
ance of  a  tumou^  in  the  mamma.  It  is  to  be  remembered  also  that  a 
simple  eczema  may  occur  in  the  nipple,  due  to  an  ordinary  irritant. 

In  connection  with  this  subject,  the  views  recently  enunciated 
by  Creighton  deserve  notice.  According  to  the  observations  of  this 
author,  there  is,  during  the  process  of  evolution  of  the  gland  pre- 
paratory to  lactation,  a  great  new-formation  of  glandular  epithelium, 
which  gradually,  after  a  number  of  generations,  assumes  the  condi- 
tion in  which  it  forms  milk.  In  the  involution  after  lactation  there 
is  a  reverse  process,  successive  generations  of  epithelium  being  pro- 
duced till  it  assumes  the  resting  state.  All  these  stages  between 
the  resting  state  and  the  milk-producing  state  are  characterized  by 
the  production  of  epithelium  which  is  in  itself  useless,  and  has  to 
be  disposed  of.  It  is  disposed  of  by  the  lymphatic  system,  into 
which  the  cells  pass,  and  are  carried  to  the  lymphatic  glands. 
Creighton  regards  cancer  as  the  exaggeration  of  a  condition  comparable 
to  one  or  other  of  the  stages  of  evolution  or  involution,  and  therefore 
primarily  a  disorder  of  function.  There  is  an  excessive  production 
of  epithelium,  which  bursts  through  the  basement  membrane  and 
is  grouped  outside  the  acini.  In  like  manner  the  cells  pass  to  the 
lymphatic  glands,  where  they  give  rise  to  secondary  tumours,  not  by 
themselves  growing  and  proliferating,  but  by  inducing  the  lymphatic 
glandular  tissue  to  assume  the  characters  of  cancerous  tissue.  These 
views  are  somewhat  theoretical,  and  stand  in  need  of  confirmation. 

We  have  now  to  consider  cancer  of  the  mamma  according  to  the 
more  ordinary  division  into  its  several  forms. 

The  commonest  form  of  cancer  is  scikrhus.  The  description  of 
scirrhous,  cancer  in  the  general  part  of  this  work  is  chiefly  based  on 
scirrhus  of  the  mamma,  and  need  not  be  repeated  here.  It  will  be  re- 
membered that  the  epithelial  masses  often  form  elongated  processes  (Fig. 
311)  in  the  midst  of  an  excessive  stroma  composed  of  dense  contracting 
fibrous  tissue.  The  cells  are  often  atrophied  so  that  in  some  parts  of 
the  tumour  there  is  little  beyond  dense  connective  tissue.  The  cancer 
commonly  forms  rather  a  limited  infiltration  of  a  part  of  the  gland  than 
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:i  proper  tiinioni',  and  as  the  tissue  contracts  there  is  commonly  an 
actual  diminution  of  bulk  with  great  induration.   The  gland  is  distorted 
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Fig.  811.— Section  of  cancer  of  mamma  from  a  recent  nodule.  Epithelial  cells  in  spaces 
formed  by  connective  tLssue  ;  these  are  .sometimes  in  single  rows,  and  by  multiplication 
form  larger  masses,    x  200.    (Cornil  and  Kanvier.) 

and  puckered  towards  the  affected  part.  Very  often  the  disease  is  con- 
tinuous with  the  nipple,  and  by  the  dragging  of  the  tissue  the  nipple  is 
drawn  in,  sometimes  even  forming  an  umbilicated  dejaression.  The 
tumour  is  very  irregular  in  its  extension  in  the  gland,  and  it  very  often 
happens  that  in  the  midst  of  hard  scirrhous  tissue  some  ADIPOSE  TISSUE 
appears,  being  the  remains  of  some  of  the  fat  which  normally  surrounds 
the  gland.  In  like  manner  pieces  of  the  gland-tissue  may  crop  up 
amidst  the  contracting  tumour.  Not  infrequently  scirrhus  goes  on  to 
ulceration  of  the  skin,  which  usually  occurs  about  the  site  of  the  nipple 
and  areola.  The  ulcer  is  crater-shaped  with  dense  prominent  walls. 
Sometimes  after  formation  of  the  ulcer  the  growth  of  the  cancer  becomes 
more  rapid. 

When  a  mamma  which  is  the  seat  of  scirrhous  cancer  is  cut  into, 
either  the  whole  gland  or  a  portion  of  it  is  seen  to  be  occupied  by  a 
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hard  mass  of  a  greyish  colour  on  the  cut  surface.    It  is  very  hard 
to  cut,  and  the  cut  surface  is  commonly  concave,  the  elasticity  of 
the  dense  connective  tissue  j^roducing  retraction.     In  the  general 
grey  basis  there  are  various  whitish   or   yellowish  pieces  which 
represent  the  remains  of  mammary  or  adipose  tissue,  or  the  cancer- 
ous epithelium  in  a  state  of  fatty  degeneration.     If  the  cut  surface 
be  scraped   a  |hickish  juice   is   obtained,  which   microscopic  ex- 
amination shows  to  be  composed  of  epithelial  cells  and  their  debris. 
Many  of  the  cells  are  large  and  well-formed,  while  some  may  contain 
secondary  cells  within  them 
or  double  nuclei  (see  Fig.  312). 
There  are   also  free  nuclei 
which  have  escaped  from  cells 
as  a  result  of  the  mechanical 
interference  in  the  process  of 
preparing     the  specimen. 
Many  of  the  cells  contain 
fatty  degeneration,  in  fact, 
very  often  nearly  all  contain 
fatty  granules,  and  there  are 
some  completely  degenerated, 
showing  nothing  but  an  ag- 
gregation of  fat  drops  hke  the  compound  granular  corpuscle. 

The  lymphatic  glands  commonly  become  secondarily  affected  in 
scirrhus  of  the  mamma,  and  the  tumour  produced  here  is  also  a  hard 
cancer  with  excessive  development  of  the  stroma.  It  is  to  be  observed, 
however,  that  in  the  glands  the  stroma  usually  forms  a  more  distinct 
meshwork  than  in  the  mamma,  and  the  epithehal  cells  form  more  de- 
finite groups. 

Medullary  Cancer  forms  the  opposite  extreme  to  scirrhus  and 
there  are  all  mtervening  grades.  In  the  medullary  cancer  we  hive  a 
bulky  tumour  of  soft  consistence  and  rapid  growth.  There  is  a  well- 
formed  alveolar  stroma,  and  the  cells  are  somewhat  loosely  contained  in 
It.  ihe  tumour  mvolves  neighbouring  tissues,  very  readily  infiltrat- 
ing the  skm,  subjacent  muscle,  and  even  the  osseous  ribs  and  the 
pleura.  This  form  is  not  uncommonly  present  simultaneously  in  both 
breasts.  On  section  the  tumour  presents  a  grey  brain-like  appearance. 
The  juice  furnishes  numerous  cells,  mostly  small  in  size  but  with  pro 
mment  oval  nuclei,  also  abundant  free  nuclei  which  have  escaped  from 


Fig.  312.— Cells  in  the  juice  scraped  from  <a  scin-hus 
of  mamma.  They  are  of  very  irregular  shape.   Most  of 
them  contain  several  nuclei  and  some  daughter  cells 
X  200.  ^ 
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the  delicate  cells.  As  the  tumour  commonly  extends  to  the  skin,  we 
may  have  ulcers  with  fungating  prominence  of  the  tissue.  The  lym- 
phatic glands  are  early  affected  and  they  also  may  ulcerate. 

Many  large  tumours  of  the  mamma  of  comparatively  rapid  growth 
do  not  correspond  with  the  description  either  of  the  medullary  cancer 
or  the  scirrhus.  In  their  minute  structure  they  are  more  like  the 
scirrhus,  and  perhaps  may  be  designated  acute  scirrhus.  They  have 
a  remarkably  firm  fibrous  stroma,  but  it  forms  distinct  meshes  in  which 
the  epithelial  masses  are  contained  with  considerable  regularity.  The 
cancer  cells  are  also  large  and  essentially  like  those  in  scirrhus.  The 
tumour  as  a  whole  also  is  hard,  this  depending  on  the  abundance  and 
density  of  the  stroma. 

Colloid  Cancer  is,  as  compared  with  scirrhus,  an  exceedingly  rare 
form  of  tumour,  but  it  does  occur  not  infrequently.  The  colloid  degen- 
eration may  affect  the  cells  of  an  ordinary  cancer,  producing  a  partial 
metamorphosis.  Or  the  cancer  as  a  whole  may  present,  from  the  first, 
a  tendency  in  this  direction,  and  the  whole  tumour  have  the  characters 
of  colloid  cancer.  The  entire  mamma  is  commonly  affected,  and  it  is 
greatly  enlarged,  while  it  presents  a  hard  feeling  like  that  of  acute 
scirrhus.  On  section  the  tumour  presents  a  flickering  gelatinous  ap- 
pearance. Under  the  microscope  there  is  the  usual  pronounced  stroma 
with  colloid  material  in  the  meshes.  In  the  midst  of  the  colloid 
masses  there  are  often  seen  groups  of  cells,  the  remains  of  the 
epithelium. 

It  is  to  be  added  that  sometimes  cancers  occur  having  a  close  re- 
semblance to  colloid  cancers,  but  in  which  the  metamorphosis  is  in  the 
stroma,  which  is  the  seat  of  mucous  degeneration.  We  may  thus  have 
a  large  gelatinous  tumour  which,  on  microscopic  examination,  shows 
epithelial  masses  embedded  in  a  gelatinous  flickering  stroma.  To  this 
form  may  be  applied  the  term  mucous  cancer. 

Other  Tumours  of  the  breast  are  of  uncommon  occurrence.  We 
may  have  an  excessive  growth  of  the  adipose  tissue  around  the  mamma, 
forming  a  lipomatosis  or  lipoma  capsulare.  Even  isolated  lipomas  have 
been  met  with.  Isolated  fibromas  have  also  been  seen.  Myxoma  of 
the  mamma  has  been  observed  in  a  considerable  number  of  cases.  It 
forms  a  tumour  of  considerable  size,  the  interstitial  tissue  of  the  mamma 
generally  being  converted  into  mucous  tissue,  while  the  glandular  struc- 
tures have  atrophied;  this  form  of  tumour  is  apt  to  be  mistaken  for 
colloid  or  mucous  cancer. 

The  Myoma  has  been  met  with  in  the  nipple. 
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A.— THE  TESTICLES. 

JM'ALFORMATIONS  and  misplacements  of  the  testicle.  The 
testicle  may  be  absent  on  one  or  both  sides,  while  the  vesiculse 
seminales  and  vasa  deferentia  are  perfect.    Or  the  vas  deferens  may  be 
deficient  while  the  testis  is  well  developed. 

Imperfect  descent  of  the  testis,  or  cryptorchismus,  is  a  very 
frequent  and  important  condition.  The  descent  of  the  testis  occurs 
normally  before  birth,  but  in  a  considerable  number  of  cases  the  oro-an 
has  not  yet  appeared  externally  at  birth.  In  the  majority  of  such  cases 
it  comes  down  within  the  first  week,  but  it  is  sometimes  delayed 
for  months  or  a  year,  or  even  till  puberty.  When  thus  delayed  the 
descent  is  very  often  imperfect,  so  that  the  gland  remains  in  the 
inguinal  canal  or  at  the  ring.  On  the  other  hand,  the  testis  may  be 
retained  throughout  Hfe  in  the  abdomen.  The  testicle  retained  in  the 
abdomen  or  on  the  way  down  is  usually  imperfectly  developed  and 
although  apparently  of  normal  size,  it  does  not  generally  contain 
spermatozoa  m  its  tubules.  It  is  also  more  prone  to  inflammation  and 
the  formation  of  tumours  than  the  normally  placed  testis,  especially 
when  m  the  inguinal  canal  where  it  is  exposed  to  external  violence 
When  It  IS  late  of  descending  the  accompanying  pouch  of  peritoneum' 
which  forms  the  tunica  vaginalis,  is  apt  to  remain  open  and  so  to  induce 
a  congenital  hernia. 

Besides  these  congenital  misplacements,  we  may  have. the  testis 
descending  into  the  crural  canal,  or  into  the  perineum. 

Inflammation  of  the  testicle.  This  condition  presents  itself 
under  a  considerable  variety  of  forms,  certain  of  whicli  airdifficl 
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altogether  to  separate  from  syphilis  and  tuberculosis.  It  is  to  he 
remembered  that  the  testicle  is  bounded  externally  by  a  dense  fibrous 
capsule,  the  tunica  albuginea,  and  that  the  products  of  inflammation  are 
apt  to  be  closely  confined  within  this. 

Acute  Orchitis  is  mostly  secondary,  although  occasionally  resulting 
from  a  blow  or  other  injury.  It  occurs  as  a  secondary  result  in 
gonorrhoea,  the  specific  irritant  being  apparently  propagated  along  the 
vas  deferens ;  also  in  cases  of  irritation  of  the  urethra  by  calculi,  the 
passage  of  instruments,  etc.,  the  inflammation  in  such  cases  being  called 
sympathetic,  and  probabl}^  brought  about  by  reflex  irritation  of  the 
vaso-motor  centres.  In  mumps  there  is  also,  in  a  certain  proportion  of 
cases,  orchitis  as  a  secondary  result,  the  specific  irritant  attacking  the 
testicles  as  well  as  the  parotid  gland. 

The  inflammation  very  often  begins  in  the  epididymis,  and  may 
remain  confined  to  that  region  or  pass  on  to  the  testis.  There  is 
hypersemia  and  serous  exudation  producing  great  swelling,  so  that  the 
tunica  albuginea  is  tightly  stretched,  and  the  organ  feels  hard  and  tense. 
At  the  same  time  there  is  often  serous  fluid  in  the  tunica  vaginalis.  There 
may  be  resolution  without  suppuration,  the  testis  returning  to  the 
normal  condition,  or  the  disease  may  become  chronic,  or  suj^j^uration 
may  occur.  In  the  latter  case  an  abscess  or  abscesses  form  in  the 
testicle,  and  these  may  burst  externally.  In  that  case  the  tense  albu- 
ginea often  forces  the  tissue  of  the  testicle  through  the  opening  so  that 
it  projects  in  a  f ungating  form.  This,  which  forms  the  BENIGN  FUNGUS, 
and  is  not  to  be  mistaken  for  cancer,  has  a  red  colour  and  looks  like 
protruding  granulations.  But  it  really  contains  the  seminal  tubules, 
and  after  the  subsidence  of  the  inflammation  these  may  be  replaced  and 
resume  their  function.  On  the  other  hand,  the  abscess  may  dry  in  and 
form  a  caseous  mass,  which  becomes  surrounded  by  a  fibrous  capsule. 
This  mass  may  ultimately  become  calcareous. 

Chronic  orchitis  may  arise  out  of  an  acute  attack,  remaining  after 
the  formation  of  abscess,  or  else  supervening  Avithout  that.  There 
is  also  a  spontaneous  chronic  orchitis  which  in  most  cases  is  either 
syphilitic  or  tubercular.  The  ordinary  chronic  orchitis  is  characterized 
by  new-formation  of  connective  tissue  in  the  stroma  of  the  organ,  and 
consequent  induration  of  it.  The  tubules  atrophy  and  the  whole  organ 
is  reduced  in  bulk  and  hardened.  Generally  on  section  it  can  be  seen 
that  the  albuginea  and  the  septa  which  proceed  towards  the  mediastinum, 
are  greatly  thickened.  At  the  same  time  there  is  frequently  adhesion 
of  the  tunica  vaginalis  which  may  obliterate  the  sac. 
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The  other  form  of  chronic  orchitis  which  is  described  is  characterized 
by  the  occurrence  of  yellow  caseous  masses.  Such  masses  may  arise 
from  the  drying  in  of  abscesses,  or  in  connection  with  syphilis  or 
tuberculosis,  and  probably  have  no  independent  origin. 

Syphilitic  disease  of  the  testicle  sometimes  occurs  as  a  general 
induration,  havingj^the  usual  characters  of  chronic  orchitis.  The 
albuginea  is  thickened  and  the  trabeculse  are  enlarged  as  they  con- 
verge towards  the  mediastinum.  These  thickened  structures  may  be 
■  largely  composed  of  granulation  tissue,  and  we  may  have  in  addition 
definite  gummata.  The  gummata  may  undergo  caseous  necrosis,  and 
by  coalescence  of  neighbouring  tumours  we  may  have  considerable 
masses  of  caseous  material.  In  the  midst  of  this  caseous  material  the 
outhnes  of  the  seminal  tubules  can  sometimes  be  made  out,  indicating 
that  the  necrosis  has  overtaken  the  proper  tissue  as  well  as  the  new- 
formed. 


Tuberculosis  of  the  testicle  is  characterized  by  the  formation  of 
caseous  masses,  sometimes  of  considerable  size,  and  these  are  surrounded 
by  a  grey  inflammatory  tissue  in  which  tubercles  are  to  be  found.  The 
tuberculosis  is  very  often  associated  with  similar  disease  in  the  prostate 
and  vesiculse  seminales,  and  this  coincidence  points  to  propagation  from 
the  one  to  the  other.  The  starting  point  may  be  at  the  testis  or  at  the 
other  extremity  of  the  vas  deferens.  There  is  also,  not  infrequently, 
tuberculosis  elsewhere,  as  in  the  form  of  scrofulous  glands  or  phthisis 
pulmonalis. 

As  a  general  rule  the  tuberculosis  begins  in  the  epididymis,  mostly 
in  its  tubules.  The  result  is  great  thickening  and  the  formation  of  a 
caseous  mass,  enclosed  very  often  in  a  firm  fibrous  capsule.  Thus 
a  firm  elongated  tumour  may  form  behind  the  testicle.  In  the  testicle 
also  caseous  masses  form,  at  first  isolated,  but  afterwards  running 
together  into  considerable  conglomerates.  The  caseous  masses  are  very 
dense,  but  after  a  time  they  generally  break  down,  and  having  burst 
externally,  tedious  fistulse  are  the  consequence. 

When  the  testicle  is  examined  in  section  the  caseous  structure  is  seen 
to  be  surrounded  by  a  transparent  grey  tissue,  in  which,  as  already 
mentioned,  tubercles  are  present.  This  inflammatory  and  tubercular 
structure  by  its  pressure  destroys  the  tubules  for  the  most  part,  but  not 
altogether,  as  bits  of  tubules  are  sometimes  expelled  along  with  the 
softened  caseous  material. 
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Tumours  of  the  testicle.— These  are  mostly  somewhat  mah'gnant  ^ 
in  their  characters,  and  there  is  a  peculiar  tendency  to  a  mixed 
structure. 

Sarcomas  occur  frequently  mixed  with  tissue  of  other  tumours,  as  ! 
the  myxoma,  enchondroma,  etc.  Even  when  the  tumour  is  a  pure  j 
sarcoma  there  may  be  combined  the  structures  of  various  forms  of  this 
tumour,  spindle  cells,  round  cells,  and  mucous  tissue.  There  may, 
however,  be  a  simple  round-celled  sarcoma.  The  sarcomas  form  usually 
large  tumours  of  soft  consistence  and  rapid  growth.  They  occur 
in  comparatively  young  persons,  and  are  prone  to  metastasis,  the 
secondary  tumours  occurring  mainly  in  the  lungs. 

The  relation  of  the  sarcomas  to  the  seminal  tubules  deserves  special 
consideration.    The  tissue  of  the  tumour,  like  that  of  other  sarcomas, 
originates  in  the  interstitial  tissue.    In  many  cases  the  glandular  struc- 
tures undergo  atrophy ;  but  in  others,  changes  occur  comparable  with  ' 
those  we  have  already  considered  in  sarcomas  of  the  mamma.    Cysts  are  \ 
thus  of  frequent  occurrence,  and  they  are  so  characteristic  in  some 
cases  that  the  name  cysto-sarcoma  is  given.    These  cysts  often  contain 
a  gelatinous  material,  although  in  the  larger  ones  the  contents  are 
usually  serous.     Sometimes  the  contents  undergo  fatty  degeneration, 
and  we  may  have  cholestearine  in  the  fluid,  or  even  an  atheromatous  A 
substance.    As  in  the  mamma,  there  may  be  a  papillary  ingrowth  of  ^ 
the  sarcoma  into  the  cyst,  forming  peculiar  intracystic  projections.  I 
It  appears  also  that  there  is  sometimes  an  actual  new-formation  of  ' 
glandular  tissue  along  with  the  sarcomatous,  in  this  respect  resembling 
the  adenoid  sarcoma  of  the  mamma. 

Cancer  of  the  testicle  connects  itself  with  the  cystic  and  adenoid 
sarcomas.  It  appears  that  not  infrequently  the  glandular  tissue  in  these  (M 
tumours  has  more  of  the  irregular  atypic  cancerous  character  than  of  the 
strictly  glandular,  and  in  particular  the  epithelial  masses  do  not  possess 
a  membrana  propria.  These  characters  are  also  expressed  in  the  fact 
that  sometimes  these  tumours  extend  to  the  neighbouring  lymphatic 
glands,  while  others  penetrate  more  readily  into  the  veins. 

Proper  cancer  of  the  testes  is  mostly  a  large  quickly  growing  soft 
tumour — medullary  cancer.  It  involves  the  whole  organ  as  well  as 
the  epididymis,  converting  them  together  into  a  massive  tumour.  It 
may  also  extend  along  the  vas  deferens,  and  on  to  the  lymphatic  glands, 
inguinal,  lumbar,  and  pre-vertebral.  From  these  glands  it  may  extend 
to  the  radicles  of  the  portal  vein  and  so  produce  tumours  in  the  liver, 
or  more  frequently  to  the  radicles  of  the  vena  cava,  producing  tumours 
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in  the  lungs.  In  the  midst  of  the  tumour  we  may  have  cysts  formed 
by  mucous  or  fatty  degeneration. 

The  cancerous  tissue  is  derived  from  the  epithehum  of  the  seminal 
tubules,  and  the  stroma  from  the  interstitial  tissue.  It  is  necessary, 
however,  to  mention  that  tumours  may  arise  in  connection  with  the 
blood-vessels  which  have  a  resemblance  in  their  structure  to  cancers, 
but  which  are  properly  plexiform  angiosarcomas. 

Other  tumours  t»f  the  testicle  are  uncommon.  We  meet  Avith  cysts, 
but  the  chief  of  them,  the  spermatocele,  will  be  described  afterwards. 
The  testis  is  also  sometimes  the  seat  of  the  dermoid  cyst.  It  may  be 
a  simple  dermoid  in  the  midst  of  the  gland,  arising  apparently  by  in- 
clusion of  a  piece  of  embryonic  skin.  But  sometimes  there  is  a  more 
complex  cyst,  like  that  of  the  ovary,  and  deserving  the  name  of  tera- 
toma. Such  tumours  probably  owe  their  origin  to  the  inclusion  of  a  whole 
foetus.  For  the  rest,  the  occasional  occurrence  of  fibromas,  lipomas, 
enchondromas,  myomas  of  the  striated  variety  and  even  osteomas,  has 
been  observed. 


Hydrocele. — By  this  name  is  meant  the  accumulation  of  fluid  in 
the  tunica  vaginalis.  The  fluid  is  serous  and  the  cause  of  its  accumula- 
tion is  inflammation.  It  is  not  properly  a  dropsy  of  the  tunica;  a 
general  dropsy,  affecting  the  skin  of  the  scrotum  very  greatly,  causes 
little  fluid  to  accumulate  in  the  tunica  vaginalis.  The  inflammation  may 
be  acute,  in  which  case  there  is  fibrine  deposited  on  the  surface  as  well 
as  serous  fluid  in  the  sac.  More  commonly  it  is  chronic,  and  there  is  a 
gradual  accumulation  of  serum. 

The  fluid  distends  the  sac,  and  so  a  bulky  tumour  is  formed  which  is 
pear-shaped  with  its  blunt  end  downwards.  The  fluid  is  usually  a  clear 
serum,  but  sometimes  it  is  slightly  opalescent.  In  the  true  hydrocele 
this  is  not  from  the  presence  of  spermatozoa,  but  from  the  existence  of 
fine  fat  drops,  resulting  from  degeneration  of  the  leucocytes  floating  in 
the  fluid.  There  may  even  be  cholestearine  crystals  formed  in  this 
way. 

Not  infrequently  haemorrhage  occurs,  most  commonly  as  the  result 
of  a  blow  or  other  injury,  and  the  hydrocele  becomes  a  hematocele. 
The  blood  mostly  coagulates,  and  the  coagulum  through  time  undergoes 
various  changes,  softening  into  a  brown  pultaceous  material  or  into  abrown 
turbid  flmd,  in  which  are  enormous  numbers  of  cholestearine  crystals 
The  blood  seems  to  act  as  an  irritant  to  the  tunica  vaginalis,  causing 
often  a  very  great  thickening  of  it.    The  interior  also  is  rough  and 
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sometimes  jaresents  considerable  projections.  The  thickened  cyst  may 
contract  somewhat  so  that  the  tumour  is  reduced  in  size.  This  thicken- 
ing of  the  wall,  even  when  the  contents  are  fluid,  may  cause  the  hsemato- 
cele  to  be  mistaken  for  a  solid  tumour,  and  castration  has  often  been 
performed  under  this  belief. 

A  hydrocele  or  hsematocele  may  be  cured  by  the  fluid  being  absorbed, 
the  result  usually  being  adhesion  of  the  opposed  surfaces  of  the  tunica 
vaginalis  and  obliteration  of  the  sac. 

In  the  condition  named  congenital  hydrocele  the  tunica  vaginaHs 
retains  its  communication  with  the  peritoneal  cavity.  The  fluid  may 
come  from  the  peritoneal  cavity,  or  may  originate  as  in  an  ordinary 
hydrocele.  It  can  be  pressed  into  the  peritoneum  through  the  neck. 
It  will  be  understood  that  a  congenital  hernia  may  occur  along  with  or 
alternate  with  this  form  of  hydrocele. 

Spermatocele.  Encysted  Hydrocele. — In  this  aff"ection  there 
is  a  cyst  having  in  many  cases  much  the  external  appearance  of 
hydrocele,  but  containing  a  fluid  in  which  spermatozoa  are  abundantly 
present.  In  other  respects  also  the  condition  differs  from  that  in 
hydrocele,  for  we  have  here  not  merely  an  accumulation  in  an  existing 
sac,  but  a  proper  new-formed  cyst.  Hence  the  name  Encysted  Hydro- 
cele is  often  used  as  equivalent  to  spermatocele. 

The  cyst  arises  in  connection  with  the  epididymis  for  the  most  part, 
and  probably  takes  origin  in  one  or  more  aberrant  tubules  which  have 
formed  blind  diverticula  from  the  seminal  tubules.  They  usually  arise 
near  the  upper  end  of  the  epididymis,  but  it  may  be  at  the  lower  end 
or  from  the  rete  testis.  The  cysts  grow  often  to  a  large  size,  and  they 
sometimes  push  themselves  into  the  sac  of  the  tunica  vaginalis,  inverting 
one  layer  of  the  wall  against  the  other.  As  a  rule,  the  tunica  vaginalis 
is  found  below  and  in  front  of  the  cyst,  this  position  being  connected 
with  the  origin  of  the  cyst  in  the  neighbourhood  of  the  testis. 

The  fluid  from  these  cysts  has  a  jaeculiar  opalescent  appearance, 
which  is  due  to  the  presence  of  multitudes  of  lively  spermatozoa.  The 
existence  of  these  shows  that  the  cyst  has  retained  its  connection  with 
the  seminal  tubules.  The  cyst  is  usually  lined  with  a  ciliated  epithel- 
ium, but  in  large  ones  the  pressure  of  the  fluid  may  cause  it  to  assume 
the  pavemented  form. 

It  will  be  observed  that  these  spermatic  cysts  are  comparable  in 
their  origin  to  the  parovarian  cysts. 
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Other  Forms  of  Hydrocele  have  been  described,  but  they  require 
only  a  passing  notice.  There  may  be  an  encysted  hydrocele  without 
spermatozoa  in  the  fluid.  Then  there  is  encysted  hydrocele  of  the 
cord,  sometimes  arising  by  a  portion  of  the  communication  between  the 
tunica  vaginalis  and  the  peritoneum  remaining  unobliterated  and  be- 
coming the  seat  of  an  accumulation  of  fluid.  There  is  also  diffused 
hydrocele  of  the  cor^,  in  which  there  is  an  oedematous  condition  of  the 
connective  tissue  around  the  spermatic  cord.  There  may  even  be  a 
hydrocele  from  a  hernial  sac,  which  has  got  emptied  of  its  contents  and 
shut  ofT  from  the  peritoneum  by  adhesion  of  the  neck. 


B.— THE  PENIS  AND  SCROTUM. 


In  the  Penis  the  ulcers  or  chancres  are  the  commonest  forms 
of  disease.  The  simple  chancre  is  an  ulcer  which  has  its  usual  seat  on 
the  glans  or  frenum.  Sometimes  we  meet  with  a  deeply  penetrating 
or  phagedenic  ulcer.  The  hard  chancre  is  the  primary  syphilitic  sore"^ 
and  as  such  we  have  already  considered  it. 

Another  syphilitic  manifestation  is  the  condyloma,  which  forms 
warty  outgrowths  sometimes  of  considerable  size.  There  may  be  laro-e 
groups  of  papillae  forming  a  cauliflower-hke  tumour.  ^ 

Cancer  of  the  penis  occurs  in  the  form  of  epithelioma.  It  beo-ins 
usually  in  the  glans,  and  the  tumour  is  often  covered  with  prominent 
papillae,  which  give  it  a  highly  characteristic  warty  appearance,  like  the 
cauliflower  excrescence.  It  may  remain  long  without  ulceration  but 
usually  sooner  or  later  breaks  down,  and  there  are  sometimes  deep 
ulcerating  fissures  or  fistulas  between  the  groups  of  papillae. 

In  the  Scrotum,  Cancer  is  somewhat  common,  and  it  is  so  often 
chimney-sweepers  who  are  aflFected  that  the  disease  is  often  called 
chimney-sweepers'  cancer.  In  Glasgow  it  has  been  found  that  workers 
m  paraffin  refineries  are  also  hable  to  this  disease.  It  generally  forms 
a  flat  tumour  from  whose  surface  prominent  papilla  protrude.  Through 
time  ulceration  occurs  and  the  testicle  may  be  exposed 

Elephantiasis  of  the  scrotum  has  been  sufficiently  treated  of  in  the 
general  part  of  this  work. 
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Lymph  Scrotum  has  ah'oady  been  referred  to  in  connection  with 
the  fihiria  sanguinis.  In  it  there  is  a  varicose  condition  of  the  lym- 
phatic vessels  of  the  scrotum  with  the  formation  of  vesicles  in  the  skin. 
These  frequently  burst  and  discharge  a  fluid  in  which  the  embryo 
filaria  is  usually  to  be  found.  In  some  such  cases  the  filaria  is  also 
present  in  the  blood,  but  sometimes  not.  The  lymphatic  glands  of  the 
groin  are  indurated,  and  the  dilatation  of  the  lymphatics  seems  to  be  due 
to  the  obstruction  of  these  vessels  in  the  glands  by  the  embryo  filarise. 
According  to  Manson  elephantiasis  sometimes  develops  from  lymph 
scrotum,  and  depends  on  the  same  parasite,  but  this  view  can  hardly  be 
accepted  on  the  present  evidence.  In  lymph  scrotum  the  adult  female 
filaria,  and  probably  the  male  also,  inhabits  a  lymphatic  vessel  in  the 
groin,  and  their  embryoes  or  ova  pass  off  and  stick  in  the  glands,  thus 
obstructing  the  lymphatics. 

The  Prostate,  as  we  have  already  seen,  is  subject  to  hyper- 
trophy.   The  common  enlargement  of  old  age  is  due  to  increase  of  the 
muscular  substance.    This  enlargement  exists  in  about  30  per  cent,  of 
men  above  60  years  of  age.    It  develops  slowly  without  any  apparent 
cause,  and  in  this  respect  has  the  characters  of  a  tumour.  Sometimes 
the  whole  prostate  enlarges,  and  it  may  reach  the  size  of  the  fist.  But 
sometimes  there  is  a  more  partial  hypertrophy,  forming  the  so-called 
third  lobe  of  the  prostate,  which  projects  inwards  at  the  neck  of  the 
bladder,  and  is  sometimes  so  large  as  to  act  like  a  valve  to  the  orifice  of 
the  urethra.    The  effect  of  enlargement  of  the  prostate  on  the  urethra 
is  to  be  noted.    If  there  is  a  general  enlargement  the  urethra  is  neces- 
sarily elongated  in  its  prostatic  portion,  and  whereas  normally  this 
portion  measures  1^  inches  in  length  it  may  come  to  be  4  inches.  At 
the  same  time  the  tube  may  be  narrowed  and  even  distorted.    If,  for 
instance,  the  central  part  of  the  prostate  is  specially  hypertrophied, 
then  the  urethra,  being  pushed  upwards,  has  on  section  a  crescentic 
shape  with  the  convexity  upwards ;  or  if  one  side  is  larger  than  the 
other,  there  will  be  a  convexity  towards  the  opposite  side. 

Besides  this  muscular  hypertrophy  the  much  rarer  hypertrophy  of 
the  glandular  structure  is  to  be  mentioned.  The  glandular  structure 
does'^not  commonly  increase  with  the  muscular,  but  sometimes  enlarges 
by  itself,  so  that  we  have  an  adenoma  of  the  prostate. 

Cancer  of  the  prostate  is  not  of  frequent  occurrence.  The  gland 
enlarges  and  the  disease  is  apt  to  extend  to  neighbouring  structures. 

Tubercle  occurs  not  infrequently  in  the  prostate  and  vesicul* 
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seminales  in  conjunction  with  similar  disease  in  other  parts  of  the 
urino-genital  passages.  There  is  caseous  necrosis  with  ulceration  as 
usual,  and  this  may  cause  even  perforation  into  the  rectum  or  bladder. 

Concretions  are  of  frequent  occurrence  in  the  prostate  in  old 
persons.  They  are  formed  in  the  gland  ducts  and  are  of  various  sizes, 
from  very  minute  to  the  size  of  a  grain  of  corn.  When  small  they  are 
colourless,  but  as  they  enlarge  they  frequently  become  blackish  or 
reddish  brown  in  col6ur.  They  are  round  or  oval  in  form  and  frequently 
present  concentric  stratification  (Fig.  44,  p.  135).  They  have  usually 
a  central  cavity.  Very  commonly  these  bodies  present  the  character  of 
amyloid  bodies,  giving  a  bluish  or  mahogany  red  colour  with  iodine. 
Sometimes  they  contain  lime  salts  in  their  substance.  They  may  pass 
into  the  urethra  and  escape  with  the  urine.  While  in  the  prostate 
they  do  not  appear  to  produce  much  disturbance. 


DISEASES  OF  THE  BONES  AND  JOINTS. 


A.— THE  BONES. 


TNTEODUCTION. — In  considering  the  diseases  of  the  bones,  it  is 
necessary  to  bear  in  mind  certain  matters  regarding  their  structure 
and  hfe.  It  is  to  be  remembered  that  bone  grows,  not  hke  ordinary 
tissues  by  interstitial  ex^jansion,  but  by  addition  of  new  tissue  to  the 
old.  An  attempt  has  indeed  been  made,  on  the  basis  of  the  archi- 
tecture of  the  fine  lamellae  of  the  spongy  bone  at  the  ends  of  the 
long  bones,  to  show  that  growth  occurs  by  interstitial  expansion ;  but 
this  attempt  is  not  generally  accepted  as  successful,  and  it  may  be  said 
that  in  the  growth  of  bone,  deposition  and  absorption  go  on  simultane- 
ously, so  as  to  preserve  the  architecture  while  the  size  is  increased. 
Bone  is  therefore  to  be  regarded  as  a  solid,  comparatively  unaltering 
structure.  When  hypertrophy  of  bone  occurs,  this  takes  place  by  the 
action  not  of  the  bone  itself,  but  of  the  periosteum  or  endosteum.  For 
the  most  part  also,  when  destruction  of  bone  takes  place,  it  is  by 
agents  acting  from  without.  It  is  to  be  noted,  however,  that  the 
bone  corpuscles  are  not  altogether  inactive  cells.  They  doubtless 
look  after  the  nutrition  of  the  bone,  and  although  they  do  not  in 
pathological  processes  as  a  rule  present  any  great  increase  in  activity, 
they  are  certainly  capable  of  degeneration,  in  which  case  they  induce 
changes  in  the  solid  intercellular  matrix. 

In  studying  the  diseases  of  bone,  and  more  especially  in  regard 
to  rickets  and  inflammations,  it  is  important  to  bear  in  mind  certain 
facts  as  to  the  relation  of  osseous  tissue  to  cartilage  and  connective 
tissue.  These  three  tissues  ajDj^ear  to  be  fundamentally  one,  and  they 
are  to  some  extent  mutually  convertible.    This  fact  is  sometimes 
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expressed  in  the  term  metaplasia,  and  may  be  illustrated  by  the 
accompanying  figures  (313  and  314),  from  a  case  of  fracture  of  a  rib. 
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As  we  shall  see  afterwards,  an  inflammatory  process  is  concerned  in 
the  healing  of  fractures,  the  so-called  callus  being  an  inflammatory  new- 
formation.    As  a  rule  in  the  human  subject,  this  callus  is  formed 


Fig.  314. — From  same  section  as  Fig.  313,  showing  continuity  of  cartilage  and  bone  in  the  callus. 
At  a  there  are  cartilage  cells,  and  at  b  bone  corpuscles,  the  matrix  being  continuous  and  apparently 
of  the  same  structure,    x  350. 


of  bone,  but  in  animals  cartilage  enters  into  its  constitution,  and  in  the 
section  of  which  the  figures  are  representations,  the  callus  was  variously 
comj)osed  of  bone,  cartilage,  and  fibrous  tissue,  the  existence  of  one 
or  other  being  apparently  determined  by  circumstances.  In  some 
parts,  as  at  b,  b,  in  Fig.  313,  cartilage  and  bone  exist  side  by  side,  and 
it  is  sometimes  even  difficult  to  say  which  is  actually  present,  there 
being  obviously  transition  forms.  In  this  as  in  other  inflammations, 
the  new-formed  tissue  has  originally  the  structure  of  granulations,  and 
the  granulation  tissue  may  develop  bone,  or  cartilage,  or  fibrous  tissue. 


RICKETS  OR  RACHITIS. 


795 


EICKETS  OR  RACHITIS. 

This  disease  occurs  in  children  during  the  earlier  periods  of  growth, 
and  so  far  as  the  bones  are  concerned  it  is  a  disease  of  development, 
I  the  normal  process  of  ossification  being  interfered  with.  Cases  have 
I  been  observed  of  congenital  rickets,  but  these  are  rare,  and  in  the 
I  majority  of  cases  it  begins  in  the  first  or  second  year,  its  commence- 
I  ment  being  very  rare'^ly  delayed  beyond  the  fourth  or  fifth  year.  In  a 
large  proportion  of  cases  its  onset  seems  to  be  in  the  latter  half  of  the 
I    first  year  or  the  first  half  of  the  second. 

;  An  endeavour  has  been  made  lately  to  make  out  that  rickets 
■  is  merely  a  manifestation  of  hereditary  syphilis.  This  view  has 
not  received  acceptance  in  this  country.  It  has  been  pointed  out 
again  and  again  that  rickets  is  very  common  in  cities  where  syphilis  is 
uncommon.  In  the  city  of  Glasgow,  for  instance,  rickets  is  very 
common  among  the  poorer  classes,  but  syphilis  is  very  uncommon. 
It  is  so  also  in  Aberdeen,  Edinburgh,  Belfast,  and  elsewhere.  We 
shall  see  afterwards  that  syphilis  produces  changes  in  the  bones  in  some 
respects  analogous  to  rickets,  and  atrophy  of  the  cranial  bones,  some- 
times designated  craniotabes,  although  formerly  regarded  as  rachitic, 
is  probably  in  most  cases  syphilitic  ;  the  two  diseases,  however,  arc 
essentially  separate. 

Rickets  occurs  amongst  children  who  are  injudiciously  fed  and  badl}' 
housed,  and  the  disease  in  the  bones  is  to  be  regarded  as  part  of  a  gene- 
ral loss  of  health.  The  body  is  weakened,  and,  besides  the  bones,  there 
are  other  parts  that  suffer.  The  state  of  mal-nutrition  may  be  the  effect 
of  an  unhealthy  state  of  the  mother  during  utero-gestation,  or  it  may  be 
produced  by  unhygienic  conditions  after  birth.  According  to  Mace  wen, 
it  supervenes  in  a  considerable  number  of  cases  on  an  attack  of  one  of 
the  acute  fevers,  such  as  measles  or  scarlet  fever,  such  an  attack  leaving 
the  child  in  an  ill-nourished  condition.  There  are  usually  symptoms  of 
indigestion  and  intestinal  catarrh,  sometimes  "svith  fever,  and  in  a 
certain  proportion  of  cases  there  is  enlargement  of  the  spleen  and  some- 
times also  of  the  hver  and  lymphatic  glands.  The  bones,  being  perhaps 
the  most  actively  growing  parts  at  this  period  of  life,  may  be  specially- 
affected  when  the  general  nutrition  suff'ers. 

Rickets  has  been  produced  artificially  in  growing  animals  by  feeding 
them  with  small  doses  of  phosphorus,  or  by  giving  them  lactic  acid,  by 
the  mouth  or  subcutaneously.  In  both  cases  the  diet  must  be  deficient 
in  Hme-salts.    In  the  latter  case  it  has  been  supposed  that  the  lactic 
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iicid,  being  a  ready  solvent  of  lime,  prevents  its  deposition  in  the  bones, 
and  it  has  been  inferred  that  in  the  human  subject  the  gastric  derange- 
ment causes  the  formation  of  an  excess  of  lactic  acid,  which  is  the  cause 
of  the  disease  in  the  bones.  There  is,  however,  the  objection  to  this 
view,  that  rickets  is  not  always  accompanied  by  any  considerable 
gastric  disorder,  and  such  a  view  does  not  explain  its  occasional 
occurrence  in  the  foetus.  Besides,  the 
disease  is  clearly  an  error  in  develop- 
ment, and  were  it  due  merely  to  absence 
of  the  lime  salts,  we  should  expect  the 
bony  matrix  to  be  formed  without  the 
lime  salts.  The  very  opposite  frequently 
occurs  ;  we  have  often  an  impregnation  of 
the  cartilage  with  lime-salts,  a  calcification 
of  the  cartilage  (see  Fig.  316,  h,  b),  while 
true  ossification  lingers.  Eickets  can  in 
most  cases  be  cured  by  supplying  suffi- 
cient food  and  proper  lodging,  and  this 
points  to  its  origin  in  the  opposite  of  these. 


1 


In  order  to  comprehend  the  processes 
presented  to  us  in  rickets  it  is  necessary  to 
bear  in  mind  the  main  points  in  NORMAL 
OSSIFICATION.  If  in  a  growing  child  a  long 
bone  be  divided  longitudinally,  and  the 
cartilage  and  ossifying  border  examined,  it 
will  be  seen  that  the  transition  from  car- 
tilage to  bone  with  medullary  spaces,  oc- 
curs somewhat  suddenly.  With  the  naked 
eye  it  can  be  seen  that  the  deej^est  layer  of 
the  cartilage  has  a  bluish  colour,  this  zone 
being  very  narrow.  It  is  succeeded  by  a  still 


Fig.  315. — Longitudinal  section  of  bone  ossifying  from  cartilage,  a,  commencement  of  prolife- 
ration of  cartilage  cells;  h,  cells  arranged  in  longitudinal  groups;  c,  matrix  of  cai-tilage  impreg- 
nated with  lime,  tliLs  calcified  matrix  is  continued  beyond  the  ossifjanfj  border  (c  on  right  side); 
d,  medullary  spaces  containing  round  cells  replacing  cartilage  cells;  e,  e,  formation  of  bone  at 
borders  of  calcified  matrix,  the  osteoblasts  each  forming  a  piece  of  bone  and  remaining  as  the  - 
bone  corpuscle,    x  90.    (After  Thieefelder.) 

Fisr.  316. — Longitudinal  section  of  ossifying  margin  of  a  long  bone  in  rickets,  a,  proliferating 
cartilage  cells,  the  area  of  these  very  greatly  extended  and  the  arrangement  cxuite  irregular  ;  h,  b, 
calcification  of  the  cartilaginous  matrix  at  different  levels,  but  not  followed  by  formation  of  me- 
dullary cavities.  The  formation  of  medullary  cavities  (c,  e)  and  of  bone  is  occurring  qiiite  irregu- 
larly, the  level  being  higher  at  the  right  (c)  than  at  the  left  (c).  At  d  the  osteoblasts  are  forming 
bone.  In  various  places,  especially  at  d,  pieces  of  cartilage  are  seen  in  the  midst  of  bone,  and  an 
.apparent  transition  of  the  one  into  the  other  is  seen,    x  90.  (Tiiikefkldeii.) 
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narrower  yellow  zone  which  is  scarcely  more  than  a  line  in  breadth.  On 
microscopic  examination  of  a  longitudinal  section  the  conditions  can 
he  made  out  as  shown  in  Fig.  31G.  At  the  up^jer  part  of  the  figure  (a) 
is  the  normal  appearance  of  hyaline  cartilage.  As  the  ossifying 
margin  is  approached  the  cells  multiply,  and  at  first  they  form 
irregular  groups,  as  at  h.  Still  nearer  the  margin  the  multiplying 
cells  become  arranged  in  rows  parallel  to  the  long  axis  of  the  bone, 
the  elongated  groups  being  separated  by  narrower  elongated  pieces  of 
hyaline  matrix.  The  beginning  and  end  of  this  zone  of  multiplying;; 
cartilage  cells  are  quite  abrupt,  and  form  nearl}'  straight  transverse 
lines.  This  zone  is  that  which,  to  the  naked  eye,  is  bkie.  Next  occurs 
an  infiltration  with  lime  salts  of  the  hyaline  matrix  between  the  groups, 
the  matrix  becoming  opaque  and  granular,  c  in  figure.  This  forms 
the  yellow  zone  as  seen  with  the  naked  eye.  This  zone  is  also  sud- 
denly interrupted,  and  at  a  definite  level  the  groups  of  cartilage  cells 
give  place  to  cavities  filled  with  foetal  marrow,  consisting  of  round  cells 
and  blood-vessels  {cl).  These  cavities  are  still  bounded  by  the  calcified 
cartilaginous  matrix.  Some  of  the  marrow-cells  are  osteoblasts,  and 
these  fix  themselves  on  to  the  surface  of  the  calcified  matrix  and  begin 
to  develop  the  bony  matrix  around  them.  Each  osteoblast  forms  a 
piece  of  bone  around  it  [e  in  figure),  retaining  a  cavity  for  itself,  which 
is  the  lacuna.  In  this  way  the  cartilaginous  matrix  is  encroached  on 
and  destroyed  by  the  new-formed  bone,  while,  at  the  same  time,  it  is 
partly  destroyed  without  the  new-formation  of  bone  so  as  to  make  the 
medullary  cavities  larger. 

On  the  surface  of  the  bone  we  have  beneath  the  periosteum  a  layer 
of  cells  similar  to  those  in  the  medullary  cavities.  Here  also  the  osteo- 
blasts form  bone  around  them  and  add  to  the  thickness  of  the  bone. 


Turning  now  to  rickets,  the  condition  of  the  ossification  from 
CARTILAGE  may  be  studied  with  the  assistance  of  the  accompanying  ex- 
cellent figure  copied  from  Thierfelder's  atlas.  The  most  pronounced 
difference  from  the  normal  is  the  enormous  exaggeration  of  the  zone  of 
multiplication  of  the  cartilage  cells  (a,  a).  These  seem  to  be  proliferating 
without  any  purpose  and  without  the  regular  arrangement.  There  are 
groups  of  cells  as  in  the  normal  case,  but  they  are  in  much  larger  num- 
bers and  occupy  a  much  greater  space ;  at  the  same  time  they  have  not 
always  the  normal  arrangement  in  rows  parallel  to  the  long  axis  of  the 
bone.  The  cells  of  the  groups  also  vary  .considerably  in  size.  In  the 
normal  bone  the  cells  in  the  deepest  part  of  this  zone  are  large,  but  in 
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rickets  while  some  are  large,  as  at  h,  there  are  others  even  at  the  same 
level,  or  deeper,  of  small  size. 

Next,  in  regard  to  the  zone  in  which  the  cartilaginous  matrix  becomes 
calcified,  this  also  is  represented  here  in  the  most  irregular  fashion. 
Calcification  of  the  matrix  occurs,  and  calcification  of  the  cartilage  cells 
(as  at  1)  on  left),  but  this  occurs  quite  indiscriminately.  There  will  be 
calcification  of  the  cartilage  high  up,  as  at  h,  while  there  are  numerous 
groups  lower  than  that  uncalcified.  In  m^nj  cases  also,  whether  calci- 
fied or  not,  the  cartilage  cells  lose  to  a  considerable  extent  their  group- 
ing into  rows  (as  below  h  on  left). 

Then  as  to  the  formation  of  medullary  cavities  and  development  of 
bone,  the  figure  shows  how  irregularly  this  occurs.  Blood-vessels 
appear  with  considerable  frequency  in  the  midst  of  the  cartilage,  and  to- 
wards the  deeper  parts  there  are  medullary  spaces  with  osteoblasts  in 
them.  These  may  even  be  seen  forming  new  bone,  as  at  d.  But  the 
medullary  cavities  do  not  occur  with  any  greater  regularity  than  the 
other  stages  in  the  process,  and  it  is  not  always  apparent  that  they  have 
always  to  do  with  the  formation  of  the  bone.  It  will  be  seen  in  the 
figure  that  at  a  certain  somewhat  indefinite  level,  which  is  lower  at  the 
left  side  than  the  right,  bony  trabeculse  appear  (c,  c).  But  it  will  also 
be  seen  that  the  bone  is  directly  continuous  with  cartilage,  the  differ- 
ence in  the  two  being  signalized  chiefly  by  the  difference  in  the  cells. 
It  appears  also  that  in  the  cartilage,  which  is  thus  immediately  continu- 
ous with  the  bone,  the  individual  cartilage  cells  are  separated  by  a 
matrix  just  as  the  bone  corpuscles  are  (see  figure).  In  fact  it  looks 
very  much  as  if  a  conversion  of  cartilage  into  bone  were  occurring,  and 
there  are  even  appearances  suggestive  of  the  gradual  transformation  of 
cartilage  cells  into  bone  corpuscles.  The  examination  of  such  sections 
as  that  figured  can  hardly  leave  any  doubt  that  an  actual  transforma- 
tion of  this  kind  occurs,  this  being  consistent  with  what  has  been  stated 
above  in  regard  to  metaplasia. 

It  will  be  seen  in  various  places,  but  especially  at  d,  that  pieces  of 
cartilage  survive  in  the  midst  of  the  new-formed  bone.  The  cartilage 
may  be  calcified  or  not. 

To  the  naked  eye  the  changes  described  above  are  indicated  in  a 
longitudinal  section  of  a  rickety  long  bone.  The  blue  zone  which  forms 
a  straight  narrow  transverse  Hne  in  the  normal  bone  is  here  greatly  in- 
creased and  its  boundaries  are  irregular.  The  yellow  zone  of  calcifica- 
tion of  the  cartilage  is  still  more  irregular,  and  yellow  pieces  crop  up  in 
the  midst  of  the  blue  zone.     Blood-vessels  appear  also  at  diflferent 


800 


DISEASES  OF  THE  BONES  AND  JOINTS. 


levels.  In  the  area  of  the  blue  zone  the  cartilage  is  greatly  swollen  as 
the  enormously  multiplying  cells  take  more  space  than  normal. 

Under  the  Periosteum  we  have  a  process  which  may,  Hke  that  in 
the  cartilage,  be  described  as  an  enormous  preparation  for  ossification 
while  the  process  of  ossification  lags  behind.  The  thin  layer  of  osteo- 
blasts is  increased  till  it  forms  a  layer  of  considerable  thickness.  By 
this  layer  bone  is  formed  to  a  very  limited  extent  and  very  imperfectly. 
Instead  of  a  proper  dense  bone,  such  as  should  be  formed  on  the  surface 
of  the  shaft,  there  is  a  loose  irregular  spongy  bone.  But  even  the  tra- 
beculte  of  this  spongy  bone  are  not  properly  formed.  Immediately 
under  the  thick  subperiosteal  layer  the  new-formed  bone  does  not  show 
in  its  matrix  the  homogeneous  character  of  the  matrix  of  bone ;  it  is 
granular,  and  the  lime  is  obviously  deposited  without  combining  with 
the  matrix  in  the  normal  manner.  It  is  a  calcification  rather  than  an 
ossification,  and  the  trabeculse  are  rather  osteoid  than  osseous.  On 
passing  inwards  the  tissue  becomes  more  strictly  osseous  however, 
although  hardly  acquiring  the  regular  arrangement  of  the  dense  bone  of 
the  shaft. 

Corresponding  with  the  structure  described  are  the  naked-eye  char- 
acters. The  subperiosteal  layer  is  seen  in  the  form  of  a  red  vascular 
layer  of  some  thickness.  This  is  so  obvious  in  some  cases  that,  at  one 
time,  it  was  described  as  if  a  blood-clot  were  formed  under  the  perios- 
teum. Beneath  this  the  spongy  character  of  the  bone  can  be  seen, 
while  the  shaft  is  considerably  thicker  than  normal  and  obviously  more 
easily  bent. 

Deformities  of  the  Bones  due  to  Rickets.— In  considering  the 
deformities  so  often  produced  by  rickets,  it  is  to  be  remembered  that 
the  two  chief  changes  in  the  bones  are,  in  the  first  place,  enlargement 
and  softening  of  the  epiphyseal  extremities  of  the  bones  from  the 
aff"ection  of  the  cartilages,  and,  in  the  second  place,  thickening  with 
loss  of  resistance  of  the  shafts  from  the  periosteal  lesion.  These  con- 
ditions do  not  always  go  strictly  parallel,  one  or  other  being  frequentl}^ 
the  more  prominent  in  a  particular  bone.  The  various  bones  of  the 
body  also  present  very  commonly  different  degrees  of  rickets  although 
the  disease  is  a  general  one,  and  usually  aff'ects  many  bones.  Even  in 
bones  aff'ected  to  a  similar  extent,  however,  the  resulting  deformities 
present  very  great  variations ;  the  deformities  consist  largely  of  curva- 
tures of  the  bones  from  the  application  of  external  forces,  and  the  bones 
are  differently  placed  in  relation  to  such  forces. 
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Deformities  of  the  long  bones. — The  most  obvious  change  at 
the  outset  is  swelling  of  the  cartilaginous  ends  of  the  long  bones, 
|,  giving  a  chibbed  or  knobbed  appearance  to  the  limbs.    This  is  common 
to  all  the  long  bones,  and  is  the  condition  generally  taken  in  practice  as 
^   evidence  of  the  existence  of  the  disease.    The  bones  are  also  arrested 
1  in  their  growth,  so  that  they  are  stunted  while  at  the  same  time  they 
are  unduly  thick. 

1       The  remaining  deformities  occur  in  the  majority  of  cases  in  the 
J;  lower  limbs,  and  are  ^e  result  of  the  weight  of  the  body  acting  on 
Jj  the  bones  in  their  weakened  condition.    Similar  deformities  are  met 
f .  with  in  the  bones  of  the  arms  in  cases  where  external  force  is  fre- 
quently apphed  to  them,  as  where  a  child  in  creeping  leans  on  the 
arms,  or  where  a  nurse  frequently  lifts  a  child  by  one  arm  (Macewen). 
The  deformities  consist  mainly  of  curvatures  of  the  shafts  of  the 
bones,  along  with  SHIFTING  OF  THE  EPIPHYSES  in  some  cases.    In  regard 
to  the  latter,  the  extended  blue  zone  at  the  cartilaginous  border  being 
soft  allows  the  epiphysis  to  change  its  position  according  to  the  direction 
of  jDressure,  and  so  at  the  ankle,  the  epiphysis  is  sometimes  displaced 
'  inwards,  and,  as  it  were,  overhangs  the  joint  on  its  internal  aspect. 
The  same  may  occur  at  the  knee-joint,  and  the  internal  condyle  may 
exceed  in  length  the  external  even  after  the  disease  has  been  cured. 
The  familiar  CURVATURES  of  rickets  are  due  mainly  to  the  weight 
|l  of  the  body  acting  on  the  softened  shafts,  and  as  the  pressure  acts 
mainly  on  the  lower  limbs  the  two  principal  forms  are  genu  valgum 
and  genu  varum. 

Genu  valgum,  or  knock-knee,  is  a  condition  in  "W'hich  the  thigh  and 
leg  form  an  angle  at  the  knee  opening  outwards.    This  deformity  de- 
pends usually  on  several  alterations.    There  is  generally  a  curve  of  the 
lower  third  of  the  femur,  with  its  convexity  inwards,  the  effect  of  this 
being  that  the  internal  condyle  is  lower  and  the  external  higher  than 
normal.    Along  with  this  there  is  usually  the  lengthening  of  the 
internal  condyle  already  referred  to.    As  a  rule  the  tibia  is  not  bent, 
the  two  conditions  named  taking  the  chief  part  in  producing  the 
deformity,  but  sometimes  the  shaft  of  the  tibia  is  at  an  angle  with  the 
epiphysis,  as  if  the  latter  were  to  some  extent  overhanging  the  former. 
In  addition  the  femur  or  tibia  sometimes  shows  an  anterior  curvature, 
which  of  course  does  not  increase  the  valgum  condition. 
I      Genu  varum,  or  boAv-legs,  is  the  converse  condition  to  genu  valgum. 
The  shafts  of  the  femur  and  tibia  are  curved,  with  the  convexity  out- 
wards, but  these  bones  take  part  in  the  deformity  in  very  different 
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degrees,  the  til)ial  curve  being  more  frequent  and  usually  more  pro- 
nounced than  that  of  the  femur. 

The  long  bones  being  soft  and  flexible  are  not  so  liable  as  normal 
bones  to  complete  fractures,  but  they  are  specially  liable  to  partial 
FRACTURES  or  INFRACTIONS.  If  the  bone  is  suddenly  bent  it  does  not 
break  across,  but  is  partially  torn  as  when  an  attempt  is  made  to  break 
a  green  stick.  In  this  case  the  concave  surface  of  the  bent  bone  gives 
way  and  the  convex  surface  does  not.  The  marrow  is  torn  by  the 
broken  concave  portion,  and  the  broken  edges  may  be  projected  throng 
the  marrow  to  the  opposite  internal  wall.  This  kind  of  fracture  h 
been  aptly  compared  by  Virchow  to  the  breaking  of  a  quill.  Thes 
infractions  occur  most  frequently  at  the  lower  part  of  the  tibia,  also  ' 
the  pelvis  and  ribs,  and  less  frequently  in  the  bones  of  the  arm. 

Deformities  of  the  chest. — The  junction  of  the  cartilagino 
and  bony  ribs  is  analogous  to  the  ossifying  cartilage  of  a  long  bone,  an 
undergoes  a  similar  thickening  in  rickets.  These  parts  of  the  ribs  ar 
therefore  knobbed,  and  there  is  thus  a  row  of  knobs  on  each  side  of  th 
chest — the  so-called  rachitic  rosary.  The  chest  is  also  hable  t 
deformity  from  the  flexibility  of  the  ribs.  During  inspiration  th 
lateral  aspects  of  the  ribs  are  drawn  inwards  from  being  unable  t 
withstand  the  atmospheric  pressure,  so  that  instead  of  the  natural  arc 
with  the  convexity  outwards,  these  lateral  portions  are  flattened  o 
even  rendered  concave.  As  the  ribs  take  thus  a  straighter  course  th 
sternum  is  pushed  forward,  and  the  characteristic  PIGEON -BREAST  i 
produced.  It  may  even  be  sometimes  seen  how,  in  inspiration,  th 
lateral  wall  of  the  chest  is  visibly  carried  inwards. 

Deformities  of  the  vertebra. — The  vertebrae  very  often  escape  in 
the  milder  forms  of  rickets,  but  in  many  cases  they  also  are  composed 
of  abnormally  spongy  bone,  and  allow  of  the  occurrence  of  curvature. 
Such  curvatures  are  mostly  exaggerations  of  the  normal  antero-posterior 
curves,  but  lateral  curvature  also  occurs.  Any  considerable  curvature 
will  cause  narrowing  of  the  chest,  and  if  this  be  associated  with  the 
pigeon-breast  the  interference  with  the  circulation  and  respiration  may 
be  serious. 

Deformities  of  the  pelvis.— These  are  of  great  importance  in  the 
female  in  relation  to  the  possible  occurrence  of  pregnancy  in  after  life. 
The  chief  deformity  is  produced  by  the  weight  of  the  body  acting 
through  the  vertebral  column  on  the  sacrum.  This  bone  is  pushed  for- 
ward and  the  pelvis  undergoes  a  corresponding  displacement  of  its 
parts,  the  antero-posterior  diameter  being  diminished.    The  growth  of 
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the  bones  here  also  is  stunted,  and  the  pelvis  therefore  remains  unduly 
small. 

The  bones  of  the  head  frequently  undergo  very  marked  deformities. 
The  bones  of  the  face,  like  the  other  bones  generally,  are  stunted  in 
their  growth  so  that  the  face  is  small.  It  is  also  stated  that  the  jaws 
by  the  action  of  the  muscles  undergo  changes  in  shape  by  which  the 
lower  jaw  is  shortened  and  the  upper  jaw  lengthened,  so  that  the  teeth 
of  the  latter  overlap  jvery  much  those  of  the  former.  While  these  are 
the  conditions  in  the  face  the  bones  of  the  cranium  present  striking 
pecuharities.  The  flat  bones  ossify  from  membrane,  and  in  rickets  we 
have  the  ossification  lingering  behind  so  that  at  their  borders  these 
bones  present  somewhat  broad  areas  in  which  there  is  soft  tissue  like 
that  under  the  periosteum.  The  effect  of  this  is  to  cause  an  apparent 
■\videnino;  of  the  sutures  and  extension  of  the  fontanelles.  The  closure 
of  the  fontanelles  is  also  delayed.  The  cranium  is  enlarged  in  rickets, 
at  least  its  circumference  is  greater,  and  at  the  same  time  it  is  commonly 
flattened  on  the  summit.  The  enlargement  of  the  cranium  with  the 
stunted  condition  of  the  face,  causes  the  well-known  overhanging  of  the 
brows  so  often  seen. 

Another  occasional  consequence  of  rickets  is  the  condition  designated 
craniotabes.  As  we  shall  see  afterwards  this  is  probably  most 
frequently  a  consequence  of  syphilitic  disease  of  the  bones,  but  it  occurs 
also  in  rickets.  The  bone  in  rickets  is  soft,  possessing  less  power  of 
resistance  than  normal  bone.  If  the  child  be  lying  constantly  on  one 
spot,  or  if  the  contents  of  the  skull  be  increased,  as  in  chronic  hydro- 
cephalus, then  the  pressure  on  the  bone  may  cause  it  to  waste.  This 
occurs  most  frequently  when  both  these  conditions  are  present,  and  the 
bone  is  as  it  were  between  two  pressures.  In  this  way  may  occur  thin- 
ning and  actual  perforation  of  the  skull,  so  that  in  the  midst  of  the 
bones  there  will  be  holes,  where  the  brain  is  covered  by  the  soft  parts 
alone.  From  the  nature  of  the  case  it  will  be  understood  that  these 
apertures  are  mostly  in  the  occipital  or  the  parietal  bone,  according  as 
the  child  lies  mostly  with  the  back  or  side  of  the  head  downwards. 

Recovery  takes  place  in  rickets  by  the  removal  of  the  insanitary 
conditions,  or  by  the  termination  of  the  period  of  growth.  The  ossifi- 
cation advances  in  the  cartilage  and  under  the  periosteum.  The  spongy 
bone  produced  under  the  periosteum  becomes  dense,  and  so  the  bone 
may  be  unduly  heavy  and  thick,  while  it  is  stunted.  The  deformities 
having  occurred  in  a  rigid  structure  are  rendered  even  more  fixed  by 
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the  completion  of  the  ossification.  There  is,  however,  in  the  course  of 
time  can  effort  on  the  part  of  nature  to  restore  the  normal  architecture 
of  the  bones  ;  where  they  are  bent  absorption  occurs  on  the  convex 
surfaces  and  increased  new-formation  on  the  concave ;  there  may  be 
considerable  restoration  of  the  proper  shape  in  the  long  bones,  but 
usually  much  less  in  the  i)elvis,  head,  and  thorax. 

OSTEOMALACIA  AND  MOLLITIES  OSSIUM. 

This  disease  contrasts  with  Rickets  in  respect  that  it  affects  the  bones 
after  their  complete  ossification.  Like  rickets  it  produces  a  softening  of 
the  bones,  but  it  is  a  softening  which  supervenes  after  they  have  acquired 
the  normal  resistance  of  fully  formed  bone.  It  rarely  occurs  in  children, 
although  at  least  one  case  has  been  reported  by  Dr.  Rehn,  in  which  it 
was  present  without  a  trace  of  rickets. 

It  is  to  be  stated  at  the  outset  that  several  distinct  conditions  are 
often  included  under  the  designation  osteomalacia.  We  must,  in  the 
first  place,  eliminate  cases  of  mere  senile  atrophy  or  others  of  a 
similar  kind.  It  often  happens  in  old  persons  that  the  medullary  spaces 
increase  in  size  at  the  expense  of  the  bone,  and  the  bone  becomes  in 
consequence  less  resistant.  But  the  remaining  bone  is  not  softer  than 
normal ;  it  often  contains  even  more  lime  salts  than  it  should  do,  and 
is  therefore  abnormally  brittle.  Putting  aside  such  cases,  however, 
there  are  two  distinct  forms  of  mollities  ossium  in  which  the  calcareous 
constituents  of  th^  bone  are  reduced.  It  is  not  possible  to  separate 
these  two  absolutely  in  their  causation,  but  it  may  be  said  that  both 
forms  are  rare  in  this  country,  and  that  one  of  them,  while  it  is  some- 
times met  with  here,  seems  hardly  to  occur  on  the  Continent. 

The  disease  seems  to  be  caused  for  the  most  -part  hy  defective 
nutrition,  but  there  are  two  conditions  which  specially  predispose  to 
it,  namely,  pregnancy  and  insanity.  It  not  infrequently  comes  on 
during  pregnancy,  and  runs  a  rapid  course.  It  has  also  been  fre- 
quently observed  in  insane  persons,  and  here  the  softness  of  the  bones 
may  lead  to  fractures  under  comparatively  slight  violence. 

Turning  now  to  the  different  forms  of  the  disease,  there  is  one  which 
appears  to  occur  most  frequently  in  England,  and  the  classical  descrip- 
tion of  which  is  that  given  by  John  Hunter.  It  appears  to  consist  in  a 
fatty  degeneration  of  the  bone  corpuscles  with  softening  of  the  matrix. 
The  condition,  so  far  as  the  naked  eye  is  concerned,  is  thus  described 
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by  Hunter :  "  The  component  parts  of  the  bone  were  totally  altered, 
the  structure  being  very  different  from  other  bones,  and  wholly  com- 
posed of  a  new  substance  resembling  a  species  of  fatty  tumour,  and 
giving  the  appearance  of  a  spongy  bone  deprived  of  earth  and  soaked  in 
soft  fat."  In  these  cases  the  medulla  forms  a  bright  yellow,  pink  or 
deep  crimson  material,  and  when  examined  microscopically  presents 
free  oil  in  great  quai^tity  with  crystals  of  margarine  as  well  as  ordinary 
adipose  tissue. 

The  other  form  of  the  disease  is  that  described  by  writers  on  the 
Continent  as  osteomalacia,  but  it  is  not  so  infrequent  in  this  country 
as  has  been  supposed,  the  mollities  ossium  of  insanity  being  probably 
always  of  this  form.    In  this  form,  as  shown  in  Fig.  317,  there  is  a 


Pig.  317.— A  fragment  of  botie  from  a  c:ise  of  osteomalacia.  The  central  part  shows 
the  usual  appearance  of  bone,  while  the  marginal  parts  are  transparent,  being  devoid 
of  Ume  salts,  although  still  showing  bone  corpuscle,    x  90. 

direct  absorption  of  the  lime  salts  from  the  bone.  The  solution  of  the 
lime  salts  occurs  primarily  in  the  portions  of  the  bone  next  the  medul- 
lary spaces  and  Haversian  canals,  so  that,  if  the  bone  be  examined,  the 
central  parts  of  the  trabecules  are  seen  to  be  opaque  like  normal  bone, 
while  the  peripheral  parts  are  transparent  because  deprived  of  their  lime 
salts.    The  condition  of  these  parts  is  like  that  of  bone  which  has  been 
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decalcified  by  steeping  in  an  acid,  the  bone  corj^uscles  are  preserved,  and 
the  matrix  has  a  homogeneous  or  fibrous  appearance.  As  the  disease 
advances,  the  decalcified  matrix  is  encroached  upon  by  the  medulla,  and 
the  decalcification  advances  further.  The  medulla  itself  is  altered ;  the 
adipose  tissue  is  largely  replaced-  by  round  cells  sometimes  with  several 
nuclei. 

The  effect  of  these  changes  is,  of  course,  to  make  the  bones  much 
softer  and  more  flexil)le,  so  that  they  can  often  be  cut  with  a  knife,  or 
crushed  with  the  fingers.  And  so  in  the  living  body  the  bones  are  often 
bent  or  crushed.  The  disease  has  a  particular  tendency  in  some  cases 
to  attack  the  pelvis  and  vertebrae,  but  the  long  bones  are  also  affected. 
Serious  deformities  result,  especiall}^  in  the  pelvis  and  vertebral  column. 
The  pelvis  is  narrowed  by  the  acetabula  being  pushed  in  on  either 
side,  so  that  the  pubes  are  pointed  and  prominent.  The  vertebral 
column  is  curved.  The  sternum  sometimes  undergoes  sharp  bendings, 
and  the  ribs  may  be  fractured. 

INFLAMMATIONS  OF  BONE. 

We  have  already  seen  that  the  proper  bony  tissue  is  somewhat  inert, 
and  for  the  most  part  conducts  itself  passively  in  pathological  processes. 
On  the  other  hand,  in  its  development  and  nutrition  it  is  intimately 
connected  with  the  periosteum  on  its  surface,  and  with  the  tissue  lining 
its  various  cavities  and  canals,  whether  forming  proper  medullary  cavi- 
ties or  narrower  canals  (Haversian)  and  spaces.  The  periosteum, 
endosteum,  and  contents  of  the  various  spaces  in  bone,  form  thus  in- 
tegral parts  of  the  osseous  tissue,  and  in  studying  inflammation  our 
principal  concern  will  be  with  the  changes  in  these  structures,  and  their 
inter-relations  with  the  proper  bony  tissue. 

In  most  cases  the  inflammations  of  bone  are  propagated  from  neigh- 
bouring structures.  Many  of  them  originate  in  connection  with  disease 
of  the  joints,  and  many  from  inflammation  of  the  periosteum.  If  the 
inflammation  be  acute  there  may  be  suppuration,  but  whether  acute  or 
chronic,  so  far  as  the  bone  is  concerned  the  most  important  result  is  the 
formation  of  granulation  tissue  which,  coming  into  relation  \vith  the 
osseous  substance  produces  various  changes  there.  This  granulation 
tissue  replaces  the  proper  medulla  of  bone,  and  is  often  in  great  abun- 
dance under  the  periosteum,  as  we  shall  see  in  studying  periostitis  and 
the  healing  of  fractures,  and  its  effects  on  the  bony  tissue  is  either  to 
destroy  it,  or  to  add  to  it  by  the  new-formation  of  fresh  bone.    It  is 


BAEEFYING  AND  QONDENSING  OSTEITIS 


807 


possible,  in  theory,  to  separate  these  two  processes,  and  to  speak  of  a 

RAREFYING  or  DESTRUCTIVE,  and  a  FORMATIVE  Or  CONDENSING  OSTEITIS, 

but  the  processes  so  frequently  go  on  together  that  it  will  be  better  to 
consider  them  in  connection. 

In  order  to  understand  these  processes  it  is  necessary  to  refer  to 
the  state  of  matters  in  the  original  formation  and  growth  of  bone.  We 
find  in  a  growing  b6^ne  that  (as  already  mentioned  at  p.  798)  the 
medullary  spaces  are  occupied  by  cells,  and  that  cells  of  a  similar 
character  are  present  under  the  periosteum.  Many  of  these  cells  are 
evidently  busy  forming  the  new  bone.  They  are  to  be  found  appKed 
to  the  surface  of  the  existing  bone,  and  gradually  becoming  buried  in 
a  bony  matrix  which  is  apparently  formed  around  them,  while  they 
take  up  the  position  of  bone  corpuscles.  The  cells  thus  engaged  in  the 
formation  of  bone  are  properly  designated  osteoblasts.  But  in 
order  to  preserve  the  architecture  of  the  growing  bone,  there  must  be  at 
some  parts  destruction  of  the  already  formed  tissue.  It  used  to  be 
supposed  that  this  destruction  occurred  by  the  bone  corpuscles  enlarg- 
ing and  causing  the  surrounding  tissue  to  melt  down,  but  it  has  now 
been  shown  that  a  special  form  of  cell  is  engaged  in  the  destruction  of 
the  bone,  and  these  cells  are  properly  called  osteoclasts.  They  are 
very  large  cells  with  a  granular  protoplasm  and  many  nuclei,  or  in  other 
words,  they  are  giant  cells  or  myeloplaques  (see  Fig.  320,  p.  810). 
Wherever  absorption  of  bone  is  going  on  these  cells  are  to  be  found,  and 
they  appear  to  adhere  to  the  surface  of  the  bone  and  cause  absorption  of 
the  matrix.  In  this  way  they  dig  themselves  into  the  bone  and  form 
gaps,  in  which  they  are  often  to  be  found  lying.  These  rounded  gaps 
in  the  bone  have  long  been  known,  and  they  are  usually  designated 
HOWSHIP'S  LACUNiE. 

In  the  granulation  tissue  of  an  inflamed  bone  both  osteoblasts  and 
osteoclasts  are  frequently  present.  By  the  action  of  the  osteoclasts  in 
the  Haversian  canals  and  medullary  spaces,  the  bone  becomes  opened 
out  and  dense  bone  is  made  spongy  or  spongy  bone  more  open.  At  the 
same  time  the  osteoblasts  are  often  at  work,  and  perhaps  under  the 
periosteum  there  are  spiculse  of  new-formed  bone,  at  the  marginal  parts 
of  which  processes  exactly  similar  to  those  beneath  the  periosteum  of  a 
growing  bone  can  be  seen  (see  Fig.  318).  It  happens  not  infrequently 
that  after  the  bone  has  been  opened  out  by  the  rarefying  process, 
the  osteoblasts  subsequently  set  to  work,  and  the  bone  is  restored, 
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or  even  consideralily  condensed  as  compared  with  its  original 
dition. 


Fig.  318. — New-formation  of  bone  in  connection  with  inflammation. 
The  osteoblasts  are  getting  surrounded  by  bony  matrix  and  becoming 
bone  corpuscles,    x  85. 


It  is  to  be  added  that  besides  the  rarefaction  of  the  bone  by  the 
process  already  described,  it  appears  that  the  bone  sometimes  gets 
channelled  for  the  accommodation  of  new-formed  blood-vessels.  We 
know  that  the  bone  corpuscles,  with  the  canaliculi,  convey  nutritious 
fluid  through  the  dense  bone,  and  according  to  requirements  these  may 
expand  into  blood-vessels  apparently  by  the  lacunse  enlarging  and 
running  together.  This,  however,  as  compared  with  the  other,  is  an 
insignificant  factor. 

Caries. — This  subject  may  be  conveniently  considered  here,  espe- 
cially in  connection  with  rarefying  osteitis.  We  have  seen  that  in  this 
latter  condition  the  bone  is  encroached  upon  by  the  osteoclasts,  and  the 
lamellse  are  thinned.  Now,  this  process  may  go  on  to  the  complete 
destruction  of  the  bony  lamellse,  so  as  to  produce,  in  fact,  a  progressive 
destruction  of  the  bone.  This  condition  is  usually  associated  with 
either  a  very  acute  inflammation  or  one  which  has  an  infective  charac- 
ter (tuberculosis,  syphiKs).  As  the  place  of  the  bone  is  taken  by  soft 
inflammatory  tissue,  this  structure  is  not  able  to  resist  the  mechanical 
wear  to  which  bone  is  naturally  exposed,  and  so  there  is  an  ulceration 
of  the  soft  tissue  generally  associated  with  suppuration.  As  the  soft 
tissue  gives  way,  the  invasion  of  the  bone  advances,  and  so,  beyond  the 
actual  ulcerating  and  suppurating  surface,  the  bony  lamellse  are  greatly 
thinned  and  ready  to  break  down.    In  the  majority  of  cases  the  caries 
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is  connected  with  disease  of  the  joints,  as  we  shall  see  afterwards,  but  a 
periosteal  inflammation,  especially  when  connected  with  syphilis,  may 
lead  to  it. 

Before  leaving  the  general  subject  of  osteitis,  it  will  be  proper  to 
make  some  observations  on  the  ABSORPTION  OF  BONE.  We  have 
already  seen  in  the  ca^  of  rarefying  osteitis  and  caries  that  absorption 
of  bone  takes  place  by  means  of  the  osteoclasts  or  giant-cells,  and 
it  appears  further  that  whenever  bone  is  absorbed,  whether  it  be  dead 
bone  or  living,  the  same  agents  are  at  work.  When,  in  a  simple  frac- 
ture, a  considerable  piece  of  bone  is  separated  from  all  its  attachments 
and  all  its  blood-vessels  torn  across,  then  it  will  probably  die.  Ne- 
crosis does  not  occur  in  every  case,  as  the  observations  of  Macewen  on 
TRANSPLANTATION  OF  BONE  show  that  pieces  of  bone  removed  from  one 
person  to  another  may  survive  and  become  incorporated  in  their  new 
position.  But  in  order  to  their  survival,  the  pieces  must  be  small,  so 
as  to  allow  of  ready  penetration  of  blood-vessels  into  their  medullary 
spaces.  When  pieces  of  considerable  size  are  broken  off  they  do  not 
survive.  Similarly  in  compound  fractures  pieces  of  bone  are  frequently 
separated  from  all  their  vascular  connections  and  may  be  seen  lying  in 
the  wound,  with  a  dead  white  colour  and  a  hard  feeling  when  touched, 
being  evidently  dead.  Or  again,  at  the  end  of  stumps  necrosis  of 
a  piece  of  the  bone  may  occur  from  osteomyelitis  or  otherwise.  Or, 
as  we  shall  see  afterwards,  periostitis  may  lead  to  extensive  ne- 
crosis. 

Now,  in  all  these  cases,  if  acute  suppurative  inflammation  be  averted, 
and  especially  if  septic  inflammation  be  kept  off,  the  dead  bone  may  be 
absorbed.  This  is  sometimes  seen  very  plainly  in  cases  of  compound 
fracture  where  a  piece  of  dead  bone  may  become  visibly  eaten  into  and 
replaced  by  vascular  granulations.  It  must  occur  frequently  in  simple 
fractures  and  at  the  ends  of  stumps.  It  is  also  not  uncommon  in 
necrosis  from  periostitis,  but  it  will  not  occur  unless  the  inflammation 
be  moderate  in  intensity,  just  as  new-formation  occurs  only  in  chronic 
inflammations. 

The  absorption  is  effected  by  the  osteoclasts.  If  a  piece  of  dead 
bone  which  has  been  partially  absorbed  be  examined,  its  surface  will 
be  seen  to  have  a  worm-eaten  appearance,  and,  under  the  microscope, 
this  is  found  to  be  due  to  the  existence  of  innumerable  Howship's 
lacunae  (see  Fig.  319).  In  these  lacuna,  or  lying  beside  them,  giant- 
cells  are  to  be  seen,  and  sometimes  a  regular  row  of  such  cells  is 
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visible  as  if  feeding  on  the  bone.  Sometimes  they  are  nearly  buried  ii» 
flask-sha2)od  spaces  (see  Fig.  320). 
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Fig.  319.— Section  of  a  piece  of  necrosed  bone  which  had  been  undergoing  ah- 
sorption.  The  margins  of  the  bone  at  the  medullary  spaces  and  Haversian  canals 
have  an  eaten-out  appearance  from  the  presence  of  Howship's  lacunse.    x  SO. 


Fig.  320.— Howship's  lacunas  with  giant-cells  (osteoclasts)  in  them,  and  free 
giant-cells  ;  from  same  piece  of  necrosed  bone  as  preceding  figure,    x  350. 

The  process  of  absorption  occurs  not  only  in  j)ieces  of  bone  which 
have  died  in  the  body,  but  in  pieces  of  ivory  or  bone  introduced  for 
therapeutic  purposes,  as  in  ivory  pegs  for  ununited  fracture,  bone 
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drainage  tubes,  etc.  Here  also  the  bone  or  ivory  is  eaten  into,  and 
HoAvship's  lacunte  with  osteoclasts  are  visible.  Such  pieces  of  dead- 
and  macerated  bone  may  thus  be  completely  absorbed. 

By  a  similar  process  living  bone  is  absorbed.  Where  an  aneur- 
ism advances  against  a  bone,  as  the  sternum  or  vertebras,  and  erodes  it, 
the  destruction  of  the^bone  is  produced,  as  in  the  other  case,  by  osteo- 
clasts. So  is  it  also  when  a  tumour  advances  against  a  bone  and  erodes 
it,  although  it  is  necessary  to  exclude  from  the  category  the  case  of 
certain  tumours  which,  as  we  shall  see  afterwards,  may  originate  in  the 
bone  itself,  and  cause  destruction  of  the  bone  by  softening  occurring 
around  the  bone-corpuscles  which  give  origin  to  the  tissue  of  the 
tumour. 

It  is  necessary  to  add  to  all  this  that  although  osteoclasts  in  the  form 
of  giant-cells  appear  to  be  the  chief  agents  in  the  destruction  of  bone, 
both  dead  and  living,  and  both  in  the  j^hysiological  growth  of  bone  and 
under  the  command  of  pathological  processes,  yet  that  absorption  may 
be  produced  b}^  other  agents.  We  have  seen  how  in  osteomalacia 
there  is  destruction  without  giant  cells,  and  we  have  also  seen  how  by 
canalization  there  may  be  rarefaction  of  the  bone  without  giant 
cells. 

We  may  now  enter  more  specifically  on  the  individual  Forms  of 
Inflammation  in  which  the  bone  is  involved,  and  it  will  perhaps  illus- 
trate the  matter  if  we  take  up  first  the  processes  concerned  in  the  heal- 
ing of  fractures. 

Healing  of  simple  fractures. — As  we  have  seen,  this  occurs 
mainly  by  the  formation  of  callus,  and  we  have  to  consider  how  this 
callus  is  formed.  At  the  time  of  fracture  the  periosteum  is  torn 
and,  to  some  extent,  raised  from  the  surface.  The  marrow  is  also  torn 
across.  Blood  is  effused,  but  it  generally  gets  diffused,  and  if  it  exer- 
cises any  influence  on  the  further  course  of  events  it  is  by  keeping  the 
parts  separate  and  interfering  with  the  healing  process.  The  blood, 
however,  usually  offers  little  obstacle,  and  is  either  absorbed  or  dis- 
placed by  the  new-formed  tissue.  The  periosteum  around  the  broken 
ends  becomes  vascular  and  swollen,  and  by  an  inflammatory  process  is 
converted  into  granulation  tissue.  A  similar  process  occurs  in  the 
medulla,  and  here  too  the  tissue  is  replaced  by  inflammatory  struc- 
tures.   More  slowly,  a  rarefying  osteitis  causes  the  enlargement  of  the 
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Haversian  canals  and  medullary  spaces,  and  these  also  are  filled  with 
granulation  tissue. 

The  next  process  is  the  new-formation  of  mature  tissue,  and  the 
amount  of  tissue  formed  and  its  kind  are  determined  by  circumstances. 
If  the  bones  are  kept  very  fixed  then  there  is  comparatively  little  in- 
flammation, and  the  amount  of  granulation  tissue  produced  is  small. 
The  granulation  tissue  under  these  circumstances  forms  new  bone,  in 
the  way  already  described  (formative  osteitis).    In  the  periosteum,  in 
the  marrow,  and  between  the  ends  of  the  bone,  the  osteoblasts  set  to 
Avork  and  produce  bone.    This  bone  is  at  first  in  the  form  of  narrow 
trabeculse,  and  the  callus  thus  formed  consists  of  soft  tissue  in  which 
are  narrow  trabeculse  of  bone.    According  to  its  situation  the  callus 
is  called  externaI;,  internal  or  intermediary.    The  external  callus 
encloses  the  broken  ends  in  a  sheath,  the  internal  forms  a  rod  uniting 
them,  the  intermediary,  formed  in  the  widened  canals  and  spaces  of 
the  bone  itself,  passes  from  one  broken  end  to  the  other  and  so  unites 
them  in  detail.    If  the  bone  has  not  been  kept  rigidly  fixed  the  amount 
of  granulation  tissue  and  of  callus  is  large,  and  especially  the  external 
•callus,  in  which  a  large  number  of  narrow  trabeculse  of  bone  are  formed. 
When  the  rigidity  is  very  imjjerfectly  preserved,  then,  instead  of  the 
granulation  tissue  forming  bone,  it  develops  into  fibrous  tissue  and 
cartilage.    This  occurs  almost  uniformly  in  the  fractures  of  animals,  but 
is  sometimes  seen  also  in  man,  especially  in  fractures  of  the  ribs  where 
it  is  difficult  to  prevent  a  certain  amount  of  movement.    Fig.  313,  p. 
793,  was  taken  from  a  case  of  multiple  fractures  in  an  insane  person, 
in  whom  the  existence  of  the  fractures  was  unknown,  and  no  attempt 
made  to  keep  the  bones  at  rest.    We  have  already  seen  that  cartilage, 
connective  tissue,  and  bony  trabeculse  are  all  represented. 

When  the  bone  has  become  fully  united  the  parts  of  the  callus  not 
necessary  for  the  preservation  of  the  continuity  of  the  bone  are  dis- 
posed of.  The  intermediary  callus  becomes,  for  the  most  part,  the  per- 
manent bond  of  union,  while  the  external  and  internal  disappear  except 
in  so  far  as  they  are  needed  to  fill  iip  gaps  where  the  bones  have  not 
been  exactly  in  apposition.  Sometimes  the  bones  are  considerably  out 
of  position,  and  a  large  amount  of  new  bone  remains  permanently  as 
the  bond  of  union. 

Periostitis. — The  periosteum  is  inflamed  under  somewhat  various 
circumstances.  CHRONIC  PERIOSTITIS  is  a  frequent  consequence  of  in- 
flammation in  joints  and  of  necrosis  of  bone ;  it  occasionally  results  even 
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from  ulcers  of  the  skin  when  situated  immediately  over  a  bone  which 
has  little  more  than  the  skin  covering  it,  as  for  instance  the  tibia.  The 
periosteum  is  the  seat  of  granulation  tissue  which,  as  time  goes  on,  is 
developed  into  mature  tissue.  In  some  cases,  and  especially  in  old 
rheumatic  affections  of  the  joints  and  under  ulcers  of  the  skin,  the  new- 
tissue  formed  is  cicatricial  connective  tissue,  so  that  the  bone  is  covered 
with  a  dense  hypertrophied  periosteum.  In  the  majority  of  cases,  how- 
ever, and  this  applies  'to  most  inflammations 
of  the  joints,  the  inflamed  periosteum  produces 
new  bone  and  the  osteoblasts  add  irregular 
outgrowths  of  bone  to  the  surface.  In  this 
way  we  have  localized  thickenings  of  the  bone 
which  are  sometimes  designated  hyperostoses, 
or  periostoses  (see  Fig,  321),  The  new-forma- 
tion of  bone  may  even  extend  out  a  consider- 
able distance  from  the  bone,  and  we  may  have 
the  joint  locked  by  projecting  bony  outgrowths, 
which  sometimes  coalesce,  forming  a  synostosis. 

Suppurative  Periostitis  occurs  in  two 
forms.  There  is  a  rare  form  in  which  a  rapid 
suppuration  occurs  with  gangrene  of  the  perios- 
teum and  acute  inflammation  around.  With 
this  MALIGNANT  PERIOSTITIS  there  are  some- 
times associated  pysemic  lesions  in  the  lungs 
and  elsewhere.  In  this  disease  micrococci  are 
found  in  the  pus  which  forms  beneath  and 
around  the  periosteum,  as  well  as  in  the  blood- 
vessels in  the  metastatic  inflammations.  The 
disease  is  thus  an  infective  one,  although  the 
mode  of  entrance  of  the  organisms  is  just  as 
obscure  as  in  the  case  of  ulcerative  endocar- 
ditis. 

Simple  Acute  Periostitis  occurs  mostly 
in  weakly  children  as  the  result  of  a  blow 
or  other  injury,  and  it  takes  place  most  fre- 
quently  m  the  bone  which  is  most  exposed  bones  of  the  leg  and  foot  iu  eie- 
to  such  injuries,  namely,  the  tibia.    The  in-  (^''^^"°"-) 
flammation  affects  the  subperiosteal  layer  and  the  subjacent  bone 
chiefly.    At  first  there  is  swelling  from  inflammatory  infiltration  of  the 
periosteum,  and,  if  the  inflammation  does  not  resolve,  then  suppuration 
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ensues.  The  pus  collects  between  the  periosteum  and  the  Ijone  and 
raises  the  former  over  a  certain  area.  The  bone  thus  denuded  of  its 
periosteum  dies,  as  the  nutrient  vessels  passing  into  the  hone  are 
severed.  The  subsequent  events  connect  themselves  with  the  necrosis 
of  the  bone,  and  will  be  considered  afterwards  under  that  heading. 

Osteomyelitis.— This  name  is  given  to  inflammation  of  the  bone- 
marrow,  and  it  occurs  very  rarely  as  a  spontaneous  or  independent 
disease.  There  are  cases  of  malignant  osteomyelitis  which  are 
strictly  comparable  to  malignant  periostitis,  and  in  Avhich  also  micro- 
cocci have  been  found.  A  general  pyasmic  condition  may  develop 
also  in  this  disease.  Traumatic  osteomyelitis  arises  as  a  septic 
inflammation  in  connection  Avith  compound  fractures  and  amputations. 
The  marrow  becomes  swollen  from  inflammatory  hypersemia  and 
infiltration,  and  ultimately  abscesses  may  form.  This  disease  is  of 
importance  for  two  reasons.  The  suppurating  marrow  may  induce 
necrosis  of  the  bone,  or  it  may  be  the  starting  point  of  a  pyaemia, 
the  infective  organisms  getting  into "  the  open-mouthed  veins  of  the 
bone  and  extending  inwards. 

NECEOSIS  or  BONE. 

This  name  implies  the  death  of  a  portion  of  bone,  and  we  have 
already  considered  some  of  the  ways  in  which  it  may  be  brought 
about.  It  may  be  by  periostitis  or  osteomyelitis,  or  by  direct  violence. 
We  have  seen  also  how  in  some  cases  the  piece  of  dead  bone  is  ab- 
sorbed. But  in  many  cases  absorption  does  not  occur,  chiefly  where 
an  acute  inflammation  exists  around.  Whether  absorption  occurs  or 
not,  the  first  occurrence  is  the  separation  of  the  dead  bone  from 
THE  LIVING,  and  this  is  effected  by  an  inflammatory  process.  The 
dead  bone  by  its  mere  mechanical  presence  sets  up  an  inflammation 
around  it.  By  means  of  a  rarefying  osteitis  the  Haversian  canals  and 
medullary  spaces  enlarge,  and  the  bone  immediately  around  the  dead 
piece  being  replaced  by  granulation  tissue,  the  necrosed  jDortion  becomes 
a  SEQUESTRUM.  The  process  of  absorption  may,  as  we  have  seen,  pro- 
ceed to  attack  the  dead  piece,  which  may  completely  disappear.  But 
this  presumes  that  the  sequestrum  is  itself  non-irritating,  and  that 
the  granulation  tissue  is  not  stimulated  to  suppuration.  In  manj^  cases 
these  conditions  are  not  fulfilled.  The  acute  inflammation  which  caused 
the  necrosis  may  continue,  or  a  septic  inflammation  may  extend  from  a 
wound  communicating  with  the  dead  piece  of  bone,  it  may  be  after  the 
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opening  of  an  abscess  in  periostitis  or  other-wise;  in  either  case  sup- 
puration may  occur  in  the  granulations  around  the  sequestrum,  and  this 
is  fatal  to  the  absorption  of  the  dead  bone. 

In  these  cases  we  have  a  considerable  area  of  inflammation  around 
the  sequestrum,  and  in  this  area  of  inflammation  we  have  both  new- 
formation  and  destruction  of  bone.  The  surrounding  bone  is  opened 
out  b}^  rarefying  osteitis.  At  the  same  time  the  periosteum  or  endosteum 
produces  new  bone,  so  $hat  the  bone  as  a  whole  is  thickened  and  the 
sequestrum  is  covered  in  by  a  mass  of  soft  bone  like  callus.  The 
commonest  cause  of  necrosis  is  periostitis,  and  the  sequestrum  in  that 
case  is  on  the  surface  of  the  bone,  and  the  periosteum  is  raised  in  the 
original  suppuration.  This  raised  j)eriosteum  produces  a  shell  of  new 
bone  as  just  mentioned,  and  if  the  necrosis  be  considerable  this  shell  of 
new  bone  may  exercise  the  function  of  support  instead  of  the  bone. 
In  this  shell  there  are  very  commonly  apertures  through  which  the  pus 
of  the  original  suppuration  has  passed,  and  through  which  the  pus  of 
the  existing  suppuration  finds  exit.  Such  an  aperture  is  called  a  CLOACA, 
and  it  is  usually  by  enlarging  the  existing  cloacae  that  the  sequestrum 
is  removed. 

Phosphorus-necrosis.— This  condition  occurs  chiefly  in  persons 
who  are  employed  in  workshops  where  lucifer  matches  are  manufactured, 
and  who  are  thus  exposed  to  the  vapour  of  phosphorus.  The  vapour 
acts  locally,  on  the  jaws  chiefly,  and  it  is  said  that  persons  with  carious 
teeth  are  particularly  liable  to  be  aff'ected.  The  phosphorus  produces 
an  inflammation  mainly  of  the  periosteum,  resulting  in  a  great  new- 
formation  of  cancellated  bone  on  the  surface  of  the  jaw.  This  bone 
may  afterwards  become  condensed  by  the  ossification  encroaching  on  the 
medullary  spaces.  After  a  time  the  inflammation  leads  to  suppuration, 
and  the  pus  forms  between  the  new-formed  bone  and  the  original  bone 
of  the  jaw.  From  this  results  a  necrosis  of  the  jaw  which  may  involve 
the  entire  bone,  and  be  accompanied  also  by  necrosis  of  the  new-formed 
bone.  The  resulting  suppurations  are  usually  fatal  in  their  results,  but 
after  removal  of  the  sequestrum  healing  may  occur. 

From  the  observations  of  Wegner  it  appears  that  phosphorus  acts  as 
a  general  stimulant  to  the  structures  concerned  in  the  formation  of  bone. 
The  phosphorus  vapour  acting  directly  stimulates  so  violently  as  to 
produce  the  inflammation  and  necrosis  just  described,  and  this  result 
has  been  produced  also  in  rabbits  exposed  to  the  vapour  of  phosphorus. 
When  given  in  small  doses  internally,  phosphorus  produces  in  growing 
animals  a  distinct  stimulation  of  the  process  of  formation  of  bone.  In 
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such  cases  tlio  bone  produced  at  the  ossifying  border  of  the  cartilage  is 
not  a  spongy  bone,  but  a  dense  layer,  and  there  is  also  an  unusually 
dense  bone  produced  beneath  the  periosteum.  It  is  noteworthy  that  in 
growing  animals  to  whom  small  doses  of  phosphorus  were  given,  while 
insufficient  quantities  of  lime  were  supplied,  there  was  a  great  produc- 
tion of  osteoid  tissue,  somewhat  like  that  pi'oduced  in  rickets. 


SYPHILITIC  AFFECTIONS  OF  BONE. 

These  lesions  have  nearly  always  their  seat  of  origin  in  the  peri- 
osteum, although  the  subjacent  bone  may  be  simultaneously  involved. 
The  condition  may  be  briefly  described  by  stating  that  gummata  are 
produced,  while  inflammation  occurs  around.  The  existence  of  the 
gummata  is  sufficient  indication  that  the  lesions  are  of  the  tertiary 
stage. 

Gummata  of  the  usual  structure  are  produced  in  the  internal  layers 
of  the  periosteum,  and  there  is  thickening  of  the  periosteum  around. 
This  membrane  being  tightly  stretched  over  the  tumour,  the  swelhng  is 
hard  to  the  feeling,  but  often  with  a  certain  elastic  resistance.  The 
ffumma  undergoes  caseous  metamorphosis  in  its  central  parts,  but 
advances  peripherally,  and  as  it  advances  against  the  bone  it  causes 
erosion  of  it.  The  advance  is  in  the  first  instance  along  the  vessels,  and 
as  erosion  occurs  around  them  a  worm-eaten  appearance  is  produced  in 
the  bone.  Beneath  the  gumma,  which  has  most  frequently  its  seat  on 
the  bones  of  the  skull,  especially  the  frontal  bone,  there  may  be  thus 
considerable  loss  of  substance,  so  that  even  the  entire  thickness  of  the 
skull  may  be  penetrated.  The  caseous  material  often  undergoes  soften- 
ing and  suppuration  ensues.  If  great  care  is  not  taken  in  evacuating 
the  abscess  at  an  early  date,  there  may  be  very  obstinate  and  even 
extending  ulcers  produced.  Without  ulceration  the  gumma  may 
undergo  resolution,  and  a  cicatricial  depression  result,  or  after  ulcera- 
tion healing  may  occur. 

Along  with  these  processes  immediately  related  to  the  gumma,  there 
are  in  the  neighbourhood  conditions  referable  to  inflammation.  The 
bone  around  is  condensed  by  new-formation  filling  up  the  medullary 
spaces,  and  there  is  sometimes  a  thickening  of  the  bone  by  inflammation 
of  the 'periosteum.  This  is  much  less  common  in  the  skull  than  in  the 
long  bones,  especially  those  of  the  legs,  where  it  sometimes  leads 
to  a  very  striking  hypertrophy  of  the  bone,  whose  surface  is  exceednigly 
rouffh  from  the  loss  of  substance  in  some  parts,  and  the  irregular  new- 
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formation  in  others.  The  bone  around  the  syphilitic  defect  or  ulcer  is 
dense  bone,  and  in  this  respect  contrasts  very  markedly  with  that 
around  the  ulceration  in  caries. 

Hereditary  syphilis  leads  to  certain  important  changes  in  the 
bones  which  have  been  described  chiefly  by  Wegner.  These  changes 
consist  mainly  in  a  stimulation  of  the  ossifying  structures  of  the  bone, 
while  the  proper  proce'ss  of  ossification  is  imperfectly  effected.  In 
certain  respects,  therefore,  they  show  some  analogy  to  the  changes 
in  rickets,  but  differ  from  them,  as  we  shall  see,  in  detail.  They 
also  differ  in  respect  that  the  principal  changes  in  syphilis  are  con- 
genital ,and  are  to  be  seen  in  their  typical  form  in  the  long  bones 
of  still-born  syphilitic  foetuses.  These  changes  may  even  be  used  to 
diagnose  the  existence  of  congenital  syphilis. 

In  the  cranial  bones  there  are  frequently  changes,  mainly  affecting 
the  periosteum,  but  they  are  by  no  means  constant,  and  are  to  be 
distinguished  from  those  in  the  long  bones  which  are  more  distinctive 
of  syphilis.  These  changes  in  the  periosteum  consist  in  slight  inflam- 
matory processes,  leading  to  thickenings  with  softening  of  the  bone. 
They  are  of  importance  as  being  probably  the  cause  of  CRANIOTABES, 
which  appears  to  be  a  frequent  concomitant  of  hereditary  syphilis. 
This  condition  is  brought  about  when  a  child  with  bones  affected  as- 
above  is  in  the  habit  of  lying  with  one  part  of  its  head  resting  on  a 
support ;  in  that  case  the  bone  is  apt  to  give  way,  and  the  brain  to  be 
covered  merely  by  soft  parts. 

In  the  long  bones  the  changes  occur  at  the  ossifying  margin  of  the 
cartilage.  We  have  already  seen  that  in  the  normal  bone  the  border 
of  ossification  is  a  narrow  line,  the  transition  zone  occupying  little 
space  and  forming  a  straight  transverse  line.  In  congenital  syjDhilis 
this  is  altered,  and  for  convenience  of  description  Wegner  distinguishes 
three  stages ;  these  may  be  followed  in  the  bones  divided  longitudinallj'', 
so  as  to  show  cartilage,  ossifying  border,  and  bone,  in  section. 

In  the  first  stage  the  ossifying  border  is  not  linear,  but  forms  a  zone 
about  the  twelfth  of  an  inch  in  breadth,  and  of  a  whitish  or  reddish 
white  glancing  appearance.  In  this  zone  microscopic  examination 
shows  an  excessive  proliferation  of  the  cartilage  cells,  which,  with  the 
matrix,  have  become  calcified  as  if  in  preparation  for  ossification,  but 
this  process  has  not  been  completed. 

In  the  second  stage  the  zone  is  about  twice  the  breadth  of  that 
in  the  first  stage,  being  occupied  as  before  by  calcified  and  pro- 
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liferated  cartilage.  The  boundaries  of  this  zone  in  both  directions 
are  very  irreguhir,  the  calcified  cartilage  on  the  one  hand  sending 
papillary-like  projections  into  the  hyaline  cartilage  above,  and  being 
encroached  upon  by  the  irregularly  ossifying  margin  below.  Blood- 
vessels occur  in  the  midst  of  the  cartilage,  and  these  are  often  sur- 
rounded by  fibrous  tissue  instead  of  the  proper  foetal  marrow.  In  this 
dense  tissue  a  direct  ossification  may  occur,  a  formation  of  bone  without 
the  agency  of  the  foetal  medulla. 

In  the  third  stage  we  have  again  the  calcified  zone,  which,  however, 
is  more  brittle  than  formerly.  Above  it  the  cartilage  is  swollen  and 
blue  as  in  rickets,  and  beneath  it  there  is  a  zone  not  represented  in  the 
previous  stages.  It  has  a  greyish  red  or  yellow  appearance,  resembhng 
granulation  tissue  or  pus,  and  is  exceedingly  soft  so  as  almost  to 
dissolve  the  continuity  of  the  bone.  This  zone  actually  consists  of 
granulation  tissue,  and  appears  to  be  the  result  of  a  reactive  inflamma- 
tion induced  by  the  condition  of  the  zone  above.  This,  the  calcified 
zone,  shows  no  longer  well-formed  cartilage  cells ;  these  have  shrun- 
ken and  become  ill-shaped  like  the  cells  in  caseous  material.  It 
appears,  indeed,  as  if  the  calcified  cartilage  had  become  necrosed,  and 
by  its  irritation  had  set  up  the  inflammation  in  the  medulla  beneath. 
This  condition  has  suggested  the  question,  whether  the  separation  of 
the  epiphyses,  which  is  sometimes  met  with  in  young  children,  may 
not  be  due  to  congenital  syphilis. 

It  is  to  be  noted  that,  so  far  as  known,  these  affections  of  the  bones 
have  their  origin  during  intra-uterine  life,  although  they  may  continue 
and  perhaps  develop  further  after  birth.  It  is  even  possible  that  future 
observation  may  show  that  they  can  originate  after  birth. 

In  regard  to  the  bones  affected,  the  order  of  frequency  given  by 
Wegner  is,  lower  end  of  femur,  lower  ends  of  bones  of  leg  and  forearm 
and  upper  end  of  tibia,  upper  ends  of  femur  and  fibula  much  more  sel- 
dom than  upper  end  of  radius  and  ulna ;  and  most  rarely  the  lower  end 
of  the  humerus.  It  may  be  inferred  that  the  disease  is  usuallj^  mul- 
tiple, being  present  in  several  bones  simultaneously  ;  and  the  various 
stages  may  be  seen  in  "the  same  person,  the  disease  being  variously 
advanced  in  different  parts. 
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TUBEECULAE  OE  SCEOFULOUS  DISEASE  OF  BONE. 

This  connects  itself  in  a  majority  of  cases  with  similar  diseases  of 
joints,  under  which  heading  it  will  again  be  considered.  But  apart  from^ 
the  joints  we  may  find  it  in  the  bodies  of  the  vertebrae,  in  the  bones  of 
the  carpus  and  tarsus,  etc.  The  disease  manifests  itself  as  a  rarefying 
osteitis  with  caseous  necrosis.  The  opened-out  spongy  tissue  is  filled 
with  granulation  tissue,Land  in  the  midst  of  this  tissue  tubercles  of 
regular  structure  are  to  be  found.  The  tubercles  in  the  midst  of  the 
granulation  tissue  indicate  the  true  nature  of  the  disease,  and  it  is 
therefore  proper  to  recur  to  the  older  designation,  tuberculosis  of 
bone,  rather  than  to  use  the  term  scrofulous  disease. 

In  many  cases  the  disease  goes  on  to  suppuration,  but  it  is  a  chronic 
process,  and  the  abscesses  which  result  are  cold  abscesses ;  these,  in  the 
case  of  the  vertebrae,  may  attain  a  considerable  size.  The  destruction  of 
the  bone  and  substitution  of  soft  granulation  tissue  causes  the  structure 
to  lose  greatly  its  power  of  bearing  pressure.  As  the  bodies  of  the 
vertebrae  are  exposed  to  considerable  pressui'e,  they  very  often  become 
in  this  disease  crushed  together,  and  an  acute  curvature  (antero-posterior) 
is  the  result.  Although  the  disease  is  tubercular,  it  is  capable  of  heal- 
ing, and  in  that  case  the  granulation  tissue  forms  new  bone,  often  dense, 
so  that  the  structure  is  firmer  and  heavier  than  it  was  originally.  If 
collapse  of  the  vertebrse  has  occurred,  then  the  healing  will  make  per- 
manent the  loss  of  substance,  and  confirm  the  curvature. 


SPINAL  CUEVATUEES. 

Introductory. — The  spinal  column  is  composed  of  vertebrae  whose 
bodies  are  separated  by  elastic  fibro-cartilages.  The  vertebrae  arti- 
culate with  each  other  at  four  other  points,  two  on  the  upper  and 
two  on  the  lower  surface  of  the  arch.  The  vertebrae  are  also  bound 
together  by  firm  ligaments  in  front  of  and  behind  their  bodies. 
The  effect  of  these  various  connections  is  that,  even  when  the  spine  is 
separated  from  all  its  attachments  except  the  ligaments,  it  retains  its 
form  to  a  large  extent,  and  its  natural  conformation  may  be  studied 
after  its  removal  from  the  body. 

When  seen  in  profile  the  spine  presents  the  well-known  antero- 
posterior curves,  the  convexity  being  forwards  in  the  cervical  and 
lumbar  regions,  and  backwards  in  the  dorsal.  These  curves  are  capable 
of  considerable  variation  in  the  movements  of  the  body.    The  whole  of 
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the  curves  may  be  obliterated  and  converted  into  a  general  convexity 
backwards  by  stooping  forwards,  as  when,  with  the  arms  extended  and 
the  legs  straight,  an  attempt  is  made  to  touch  the  toes  with  the  tips  of 
the  fingers.  By  arching  the  body  backwards  the  dorsal  curve  may  be 
partially  obliterated,  and  a  general  convexity  forwards  produced.  It 
appears,  therefore,  that  the  spine  is  capable  of  considerable  antero- 
posterior movement.  These  antero-posterior  movements  imply  a  con- 
siderable degree  of  compressibility  of  the  intervertebral  cartilages.  The 
combined  cartilages  occupy  about  a  fifth  of  the  entire  length  of  the 
spinal  column,  and  their  compressibility  may  be  inferred  from  the  fact 
that  during  the  retention  of  the  erect  posture  the  entire  length  of  the 
column  gradually  diminishes,  so  that  the  stature  is  usually  half-an-inch 
to  three-quarters  less  at  night  than  in  the  morning.  This  is  believed  to 
be  due  chiefly  to  the  compression  of  the  cartilages,  which  recover 
at  night  when  the  recumbent  posture  is  assumed.  The  antero-posterior 
movement  of  the  spine  is  freest  in  the  cervical  and  lumbar  regions,  and 
most  limited  in  the  dorsal. 

The  spine  is  capable  to  a  much  more  limited  extent  of  lateral  move- 
ment. The  articulating  processes,  being  situated  on  either  side  of  the 
arches,  prevent  any  considerable  lateral  deviation,  as  they  become  locked 
against  each  other  when  that  occurs.  If  the  surfaces  of  these  processes 
were  horizontal,  facing  one  another  above  and  below,  then  they  might 
allow  of  freer  lateral  movement,  but  the  more  they  assume  the  perpen- 
dicular position,  and  the  more  they  face  inwards  and  outwards,  the 
greater  is  the  impediment  to  lateral  movement.  It  will  be  found  that 
on  passing  from  above  downwards  the  articulating  surfaces  assume  more 
and  more  of  a  perpendicular  position.  In  the  cervical  region  they  are 
oblique,  and  face  slightly  inwards  and  outwards  ;  in  the  dorsal  they  are 
more  perpendicular  and  face  nearly  forwards  and  backwards,  while  in 
the  lumbar  region  they  are  nearly  perpendicular,  and  face  each  other 
nearly  inwards  and  outwards.  In  this  way  it  occurs  that  while  lateral 
movement  is  limited  in  all  regions  it  is  almost  impossible  in  the  lumbar 


region. 


For  a  similar  reason,  twisting  of  the  spine  on  its  axis  is  possible  to  a 
very  limited  extent. 

The  question  of  the  existence  of  a  natural  lateral  curvature  has  l)een 
matter  of  dispute.  It  is  generally  stated  that  there  is  a  slight  lateral 
deviation  to  the  right  in  the  uj)per  dorsal  region,  and  this  is  usually 
ascribed  to  the  more  frequent  and  forcible  exertion  made  with  the 
right  arm  ;  but  the  existence  of  this  curve  has  been  seriously  questioned 
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(Adams).  The  late  Dr.  Foulis  in  110  post-mortem  examinations  found 
lateral  deviation  in  no  less  than  58  cases.  He  did  not  observe  it 
specially  in  the  upper  dorsal  region  or  towards  the  right,  and  concluded 
that  it  Avas  due  to  the  positions  habitually  assumed  by  the  persons  at 
their  various  trades.  We  may  perhaps  conclude  that  normally  there  is 
no  lateral  curvature,  but  that  a  very  slight  permanent  deviation  is  often 
assumed  when  a  frequei^ly  repeated  position  of  the  body  predisposes 
to  it. 

Forms  of  Spinal  Curvature. — The  function  of  the  spine  is  to 
support  the  structures  attached  to  it,  and  to  hold  the  head  erect,  the 
latter  function  being  in  man  the  more  prominent  one.  Any  single 
curvature  of  the  spine  Avill  have  the  tendency  to  remove  the  head  from 
the  erect  position,  and  tilt  it  backwards  or  forwards  or  to  one  side,  and 
in  order  to  j)reserve  the  erect  position  there  is  required  a  curvature  in 
the  opposite  direction.  The  natural  antero-posterior  curves  are  in  this 
sense  mutually  compensatory,  the  lumbar  restores  the  position  lost  by 
the  sacral  curve,  and  the  cervical  that  of  the  dorsal.  When  abnormal 
curvatures  occur  there  is  a  tendency  to  a  similar  compensation,  so  that 
the  curvatures  may  be  divided  into  primary  and  secondary.  It  will  not 
be  necessary  to  consider  in  detail  the  secondary  curvatures  ;  their 
amount  and  direction  may  be  inferred  from  those  of  the  primary  ones. 
It  may  be  stated,  however,  that  there  are,  frequently,  several  secondary 
or  compensating  curves,  the  spine  presenting  several  sinuosities  in  order 
to  reach  the  stable  position  for  the  head. 

1.  Antero-posterior  Curvature, — There  are  two  quite  distinct 
forms  of  antero-posterior  curvature,  the  curve  in  the  one  form  being 
rounded,  and  mainly  an  exaggeration  of  the  natural  curvature,  and  in 
the  other  sharp  or  angular. 

(a)  Angular  curvature,  or  Pott's  disease  of  the  spine. — This 
depends  on  disease  of  the  bodies  of  the  vertebrae.  For  the  most  part  it 
is  a  local  tuberculosis  of  one  or  more  of  the  bodies  with  the  caseous 
necrosis  and  caries  described  above.  The  result  is  usuallji^  a  slow  sup- 
puration with  psoas,  lumbar,  or  other  abscess.  The  softened  bodies 
of  the  vertebr£B  give  way  under  the  superincumbent  weight,  and  the 
spine  is  bent  at  a  sharp  angle,  the  spinous  processes  becoming  unduly 
prominent  behind.  The  affection  of  the  bodies  may  be  unsymmetrical, 
and  if  collapse  be  more  at  one  side  than  the  other  the  angular  curvature 
will  not  be  exactly  antero-posterior.    This  form  of  curvature  is  more 
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rarely  due  to  traumatic  causes,  as  crushing  of  the  bodies  by  heavy  weights 
falling  on  the  head  or  back,  or  by  a  fall  from  a  height.  This  may  lead 
immediately  to  an  angular  curvature,  or  may  be  the  starting-point  of  a 
necrosis  and  suppurative  inflammation.  Even  tubercular  disease  of  the 
bodies  seems  often  to  have  its  starting  point  in  an  injury,  such  as  a  fall 
or  twist  of  the  spine,  such  injury  leading  to  this  result  only  in  pre- 
disposed persons.  In  the  majority  of  cases  Pott's  disease  occurs  in 
children,  tuberculosis  of  bone  being  commonest  in  early  life. 

If  healing  of  the  disease  of  the  bodies  occurs,  the  carious  bone 
becomes  firm,  but  the  loss  of  substance  by  the  collapse  of  the  bodies  is 
not  recovered,  and  the  bone  is  fixed  permanently  in  its  abnormal 
position.  The  new-formed  bone  may  be  even  firmer  than  the  old,  and 
if  several  bodies  have  been  diseased  there  may  be  anchylosis  of  them,  so 
that  a  piece  of  the  spine  is  absolutely  fixed. 

It  is  worthy  of  special  notice  that  angular  curvature  is  much  more 
obvious  in  the  dorsal  region  than  elsewhere,  as  it  here  increases  the 
natural  posterior  curvature.  In  the  cervical  and  lumbar  regions,  where 
the  natural  convexity  is  forwards,  there  may  be  a  rounded  posterior 
curvature  produced,  or,  even  with  extensive  disease,  there  may  be  very 
little  posterior  curvature  visible  externally. 

The  spinal  cord  is  not  generally  injured  by  angular  curvature,  but  in 
some  cases  it  is  crushed  and  interrupted.  It  may  be  so  even  during  the 
process  of  healing,  the  sclerosis  or  condensation  of  the  vertebrae  some- 
times causing  further  shrinking  and  increase  of  the  curvature. 

(b)  Kyphosis  or  Posterior  Curvature. — This  is  mainly  an  exag- 
geration of  the  normal  curvature  with  the  convexity  backwards  in  the 
dorsal  region,  and  is  due  chiefly  to  muscular  weakness  or  a  habit  of 
stooping.  It  is  most  frequent  in  children  and  old  people,  leading  in  its 
most  exaggerated  form  to  hump-back,  and  in  a  lesser  degree  to  round 
shoulders. 

(c)  Lordosis  or  Anterior  Curvature.— In  this  condition  the 
convexity  of  the  curve  is  forwards,  and  the  tendency  of  it  is  to  throw 
the  head  backwards.  It  is  most  common  in  the  lumbar  region,  and  in 
the  majority  of  cases  is  due  to  rickets.  Rickets  when  it  aff"ects  the 
pelvis  causes  the  sacrum  to  assume  a  more  horizontal  position  than 
normal,  and  in  order  to  retain  the  erect  position  the  lumbar  anterior 
curve  is  exaggerated.  It  may  also  be  produced  by  congenital  disloca- 
tion of  the  hip-joint  (stated  by  Adams  to  be  of  considerable  frequency), 
and  anchylosis  of  the  hip.  There  may  be  also,  but  rarely,  a  direct 
lordosis  in  the  lumbar  region  from  rickets,  the  natural  curvature  bemg 
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increased  by  reason  of  the  softness  of  the  bones.    In  the  dorsal  and 
cervical  regions  lordosis  is  very  uncommon. 

2.  Lateral  Curvature  or  Rotatory  Curvature.— In  the  intro- 
ductory section  we  have  seen  that  the  mechanism  of  the  spine  allows  of 
exceedingly  limited  lateral  deviation.  But  it  often  happens  that  from 
habitual  faulty  positions  at  work  or  otherwise  there  is  a  frequently 
repeated  tendency  to  lateral  deviation.  In  that  case,  as  a  direct 
displacement  is  not  possible,  there  may  be,  especially  in  persons  consti- 
tutionally weak,  a  deviation  with  partial  rotation  of  the  vertebrae. 
The  faulty  position  may  be  merely  the  result  of  a  bad  habit,  of  standing 
on  one  leg  for  instance,  so  as  to  cause  obliquity  of  the  pelvis ;  or  it  may 
be  from  sitting  in  a  constrained  position  at  study  or  manual  labour,  so 
that  either  the  pelvis  is  oblique  or  the  arms  are  used  particularly  in  one 
direction  so  as  to  displace  the  centre  of  gravity  to  one  side ;  or  there 
may  be  a  hysterical  contraction  of  the  muscles  of  the  scapula  lasting  for 
a  long  period  and  altering  the  centre  of  gravity ;  or  there  may  be  an 
obHquity  of  the  pelvis  from  one  leg  being  shorter  than  the  other,  as 
sometimes  in  rickets.  There  is  also 
softening  of  the  bones  in  rickets,  and 
very  severe  curvature  may  occur  when 
this  is  associated  with  obliquity  of  the 
pelvis. 

The  mechanism  of  this  rotation 
wiU  be  understood  from  the  accom- 
panjring  diagram  (Fig.  322).  The 
dark  outline  indicates  the  natural 
position  of  the  vertebra,  the  dark 
straight  lines  indicating  the  natural 
axis  and  the  direction  of  the  trans- 
verse processes.  When  rotation  oc- 
curs the  body  moves  round  so  as  to 
present  to  one  side  in  the  direction 

r\f  liTi/io  r.-^A    /^/Y  "1^  +V         Fig.  .S22.—Diagi-am  showing:  rotation  of'ver- 

OI  ine    UneS   aa  ana    aa,    Wmie  tne    tebra  in  lateral  curvature.    The  various  lines 

spinous  process  deviates  very  little.  ^Z^^^^^^^^^^^S^ 
In  the  figure  the  centre  of  rotation  ^^^^^^^ 
is  just  behind  the  tip  of  the  spine,  (^^^'•^s.) 

and  there  is  a  slight  deviation  of  it ;  but  the  centre  of  rotation  may 
be  at  the  tip  of  the  spine,  and  with  very  marked  rotation  of  the  verte- 
brse,  there  may  be  no  deviation  of  the  spines. 
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Lateral  rotatory  curvature  is  met  with  chiefly  in  the  dorsal  and 
lumbar  regions,  being,  as  a  rule,  much  more  extreme  in  the  former  pro- 
bably from  the  greater  mobility  there.  There  is  usually  curvature  in 
both  these  regions,  the  two  curves  being  in  opposite  directions,  and  one 
of  them  in  a  certain  sense  secondary.  It  is  not  possible,  however,  to 
distinguish  rigidly  between  primary  and  secondary  curves,  as  the  two 
form  nearly  pari  passu;  a  slight  deviation  to  one  side  will  result  in  a 
similar  curve  to  the  opposite  side,  and  they  will  increase  together. 

We  have  seen  above  in  connection  with  Fig.  322  that  the  plane  of 
the  transverse  processes  is  altered  by  the  rotation  of  the  vertebrae.  An 
examination  of  that  figure  will  show  that  the  transverse  process  on  the 
side  of  the  convexity  is  considerably  displaced  backwards,  and  in  actual 
cases  it  may  be  felt  projecting  under  the  skin.  If  the  curve  be  in  the 
dorsal  region  the  rib  will  be  similarly  displaced,  and  its  angle  especially 
will  project.    As  shown  in  Fig.  323,  the  rib  in  that  case  commonly 


Fig.  323.— Dia<rrammatic  section  of  normal  chest  and  that  with 
rotatory  curvature.  In  the  latter  it  is  seen  that  the  body  of  the 
vertebra  is  rotated  into  the  right  side  of  the  chest,  the  rib  on  this 
side  turning  at  an  unduly  sharp  angle.  The  prominence  of  the 
transverse  process  on  this  side  and  of  the  breast  on  the  opposite 
side  is  shown.  (Adams.) 

makes  a  sharp  curve  at  its  angle,  so  that  it  is  greatly  flattened  laterally. 
The  figure  also  shows  that,  in  such  a  case,  the  capacity  of  the  corres- 
ponding side  of  the  chest  is  greatly  diminished.  The  body  is  rotated 
into  that  side  of  the  chest  and  the  ribs  are  fiattened  towards  the  ver- 
tebrae, these  conditions  sometimes  attaining  to  such  a  degree  that  the 
bodies  of  the  vertebrae  approach  the  internal  surfaces  of  the  ribs.  There 
is  consequently  great  reduction  in  the  capacity  of  this  side  of  the  chest, 
the  lung  being  correspondingly  compressed  and  curtailed  in  its  move- 
ments. It  will  be  seen  also  that  posteriorly  there  is  prominence  of  the 
angles  of  the  ribs  on  the  side  corresponding  with  the  convexity  of  the 
curve,  while  anteriorly  the  breast  on  the  opposite  side  is  prominent. 
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TUMOUES  OF  BONE. 

Osseous  Tumours.— In  view  of  the  fact  already  illustrated  on  more 
than  one  occasion,  that  inflammatory  processes  in  and  around  bone  lead 
frequently  to  new-formation  of  osseous  tissue,  it  is  not  remarkable  that 
there  are  certain  bony  growths  which  stand,  as  it  were,  on  the  border- 
land between  tumours  and  inflammatory  growths.  Some  of  these  have 
been  mentioned  at  p.  192  under  the  designations  hyperostosis  and  peri- 
ostosis.  In  these  cases  there  is  always  some  form  of  irritation  inducing 
the  neAV-formation,  and  the  new-bone  takes  origin  from  the  periosteum, 
so  that  it  is  applied  to  the  surface  of  the  existing  bone  forming  out- 
growths from  it.  The  irritation  may  have  its  origin  in  an  inflammation 
of  the  bone,  of  the  periosteum,  or  of  the  joints,  and  we  shall  see  after- 
wards that  diseases  of  joints,  especially  chronic  rheumatic  inflamma- 
tions, are  frequently  accompanied  by  new-growth  of  bone. 

Various  names  have  been  applied  according  to  the  circumstances  of 
these  bony  outgrowths  due  to  irritation  of  the  periosteum.  The  name 
OSTEOPHYTE  is  given  when  there  are  numerous  small  elevations  of  the 
surface  without  any  considerable  thickening  of  the  bone ;  these  may 
have  a  figured  appearance  on  the  surface,  and  they  are  sometimes 
loosely  adherent  to  the  bone,  coming  off  with  the  periosteum  when  it  is 
removed.  Hyperostosis  is  a  general  enlargement  of  a  whole  bone,  or 
a  considerable  part  of  it,  with  roughness  and  tuberculation  of  the  surface, 
such  as  occurs  sometimes  in  a  long  bone  in  consequence  of  syphilis  or 
elephantiasis  (see  Fig.  321,  p.  813).  Such  a  hypertrophy  of  a  long  bone 
has  hardly  the  characters  of  a  tumour,  but  when  a  small  bone  is  thus 
enlarged  it  acquires  much  more  of  the  appearance  of  an  independent 
separate  growth. 

Exostosis  is  a  more  definite  tumour  of  bone,  an  outgrowth  with  a 
limited  basis,  but  even  some  of  these  have  intimate  relations  to  irrita- 
tions of  bone.  This  applies  especially  to  multiple  exostoses,  which 
are  of  occasional  occurrence.  In  the  case  from  which  Fig.  324  is  taken 
(Virchow)  the  patient,  a  boy  ten  years  of  age,  had  suffered,  during  the 
course  of  three  years,  from  repeated  attacks  of  rheumatism  affecting 
the  joints  and  muscles.  The  result  was  the  formation  of  sixty-five 
exostoses  on  various  bones  of  the  body.  Exostoses  also  occur  not 
infrequently  at  the  insertion  of  tendons,  growing  into  the  latter  and 
sometimes  even  separate  from  the  bones.  These  are  connected  in 
their  origin  with  the  contraction  of  powerful  muscles,  occurring  chiefly 


DISEASES  OF  THE  BONES  AND  JOINTS. 

where  such  muscles  are  inserted,  and  sometimes  induced  by  specially 
violent  exercise  of  the  muscles. 

The  more  simple  exostoses  have  been  already  considered  at  p.  191. 

The  name  Osteoid  Chondroma  has  been  given  by  Virchow  to  a 
form  of  tumour  which  merits  a  more  special  description.  The  tumour 
is  composed  essentially  of  tissue  such  as  we  find  in  the  deep  layer  of  the 
periosteum  of  a  growing  bone,  or  in  callus,  its  main  constituents  being 
osteoblasts.  The  cells  are  smaller  than  cartilage  cells  and  mostly 
round,  but  they  do  not  possess  a  capsule.  There  is  a  dense  inter- 
cellular substance  which  has  a  someAvhat  fibrous  appearance.  In  the 
midst  of  the  tissue  bits  of  true  cartilage  may  be  found.  Being  formed 
of  tissue  analogous  to  that  which  is  preliminary  to  ossification  it  fre- 
quently undergoes  calcification  and  even  true  conversion  into  bone.  The 
tumours  form,  mostly,  under  the  periosteum  of  the  long  bones  and  their 
seat  of  election  is  the  lower  end  of  the  femur  or  the  upper  end  of  the  tibia, 
originating  probably  in  the  layer  of  osteoblasts  there,  and  they  may  grow 
to  large  dimensions.  They  thus  form  club-shaped  expansions  of  the  long 
bones  (Fig.  325).  On  section  the  tissue  is  found  to  be  dense,  and  it 
is  found  to  be  osseous  or  calcareous  on  passing  deeply,  where  it  is  incorpo- 
rated with  the  bone.  The  medullary  cavity  of  the  bone  is  often  filled 
with  new-formed  bone.  This  form  of  tumour  sometimes  presents  a  ten- 
dency to  become  sarcomatous,  and  even  without  that  it  may  recur  after 
removal. 


Sarcomas  in  connection  with  bone  are  a  very  important  group  of 
tumours.  As  the  sarcomas  are  of  a  connective-tissue  structure,  so  they 
originate  from  connective  tissue.  The  marrow  and  the  periosteum 
being  connective-tissue  structures  we  may  have  sarcomas  originating 
from  them,  but  the  bone  also  is  a  connective  tissue,  and  there  seems  no 
reason  to  doubt  that  it  also  may  give  origin  to  sarcomas.  We  may 
therefore  distinguish  sarcomas  according  as  they  have  a  central  (mj^elo- 
genous),  interstitial  (osseous),  or  peripheral  (periosteal)  origin. 

Of  the  Myelogenous  Sarcomas  the  most  characteristic  is  the 
myeloid  or  giant-celled  sarcoma,  already  sufficiently  considered.  But  we 
also  meet  with  central  round-celled  sarcomas  or  even  spindle-celled  sar- 
comas. The  central  sarcomas  originating  in  the  medulla  of  the  cancellated 
tissue  or  in  that  of  the  shaft  of  a  bone,  usually  destroy  the  external 
shell  of  bone  as  they  grow.  In  this  way  they  frequently  reach  the  sur- 
face and  may  even  work  themselves  into  surrounding  tissue.    In  some 


Fig.  324.— Multiple  exostoses  of  femur,  tibia,  and  fibula.  These 
are  grouped  towards  the  ends  of  the  diaphyses.  At  its  lower 
end  the  fibula  is  flattened  by  the  e.KOstoses  growing  out  from 
the  tibia.  From  a  boy  10  years  of  age.  One  thu-d  the  natural 
size.  (_ViRcnow.) 

Fig.  325.— Osteoid  chondroma  of  the  tibia,  divided  obliquely. 
At  the  upper  extremity  the  tumour  has  sun-ounded  the  carti- 
lages of  the  knee,  and  new-formed  cartilages  have  been  pro- 
duced. Internally  the  bone  is  condensed  by  the  new-formation 
of  bony  masses.    From  a  boy  13  years  of  age.  (Virchow.) 
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tumours  which  are  usually  regarded  as  central,  it  is  not  certain  that  the 
destruction  of  the  bone  occurs  entirely  by  the  tumour  acting  on  it 
Considering  that  the  bone  corpuscles  are  but  modified  medullary  cells 
It  is  not  unlikely  that  they  also  take  part  in  the  tumour  formation.  As 
we  have  already  seen  in  the  case  of  the  myeloid  tumour,  there  may  be  a 
new-formation  of  bone  at  the  same  time  as  the  destruction,  and  so  the 
tumour  may  acquire  a  bony  shell  after  the  destruction  of  the  proper 
external  shell  of  the  bone. 

The  sarcomas  of  interstitial  growth  do  not  form  such  a  definite 
group.  It  has  been  customary  to  regard  sarcomas  of  bone  as  originat- 
ing either  in  the  medulla  or  periosteum,  but  Ziegler  has  shown  that  the 
tissue  of  a  sarcoma  may  take  origin  directly  from  the  bone  corpuscles. 
Tumours  taking  origin  in  this  way  will  in  the  first  instance  replace  the 
bone,  and  they  may  grow  to  a  considerable  size,  simply  occupying  the 
place  of  the  bone.  In  a  preparation  in  the  museum  of  the  Western 
Infirmary  the  entire  humerus  of  both  arms  is  replaced  by  a  soft  sar- 
coma, which  occupies  the  place  of  the  bone,  although  larger  than  it  in 
circumference.  It  is  only  at  the  extremities  that  any  of  the  bone  remains, 
and  here  the  appearance  is  not  as  if  the  bone  were  being  destroyed  by 
a  myelogenous  tumour,  but  as  if  it  were  actually  expanding  into  the 
tumour.  A  tumour  of  soft  tissue  replacing  the  bone  will  readily  lead  to 
fracture,  and  in  the  case  referred  to  the  first  indication  of  any  dis- 
ease of  the  bone  was  a  spontaneous  fracture.  These  sarcomas  are 
usually  soft  tumours  whose  cells  are  mostly  round  and  generally 
small. 

The  PERIOSTEAL  sarcoma  is  usually  composed  of  spindle  cells,  and 
such  tumours  may  grow  around  a  bone,  extending  outwards  for  a  con- 
siderable distance.  We  have  seen  also  that  sometimes  a  myeloid 
tumour  takes  origin  in  the  periosteum  of  the  jaw,  forming  an  epulis. 
Of  peculiar  interest  here  is  the  tumour  named  the  OSTEOID  sarcoma. 
This  tumour  is  that  which  by  Paget  and  others  has  been  well  described 
as  osteoid  cancer.  It  shows  some  relation  to  the  osteoid  chondroma  in 
respect  that  its  cells  are  like  those  of  the  ossifying  layer  of  the  perios- 
teum. In  the  osteoid  sarcoma,  however,  the  cells  are  more  abundant 
and  less  regular,  and  they  produce  bone  more  uniformly.  The  tumour, 
in  fact,  usually  presents  the  appearance  of  a  dense  mass  of  bone  of  ivory 
hardness,  on  the  surface  of  Avhich  there  is  a  layer  of  fibrous-looking 
tissue.  This  layer  is  often  comparatively  thin,  and  on  microscopic 
examination  it  presents  spindle  cells  or  round  cells  which  are  so  closely 
adherent  to  each  other  that  they  are  with  difiiculty  isolated.    The  bone 
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is  formed  by  the  direct  transformation  of  these  cells,  and  one  has  some" 
times  the  opportunity  of  observing  remarkable  transition  forms.  The 
tumour,  like  the  osteoid  chondroma,  mostly  originates  at  the  end  of  one 
of  the  long  bones,  and  forms  a  bulbous  swelling  there,  the  end  of  the 
bone,  with  its  medullary  spaces,  being  completely  transformed  into 
a  hard,  heavy,  osseous  tissue.  The  tumour  enlarges  by  incorporat- 
ing neighbouring  parts,  and  it  not  infrequently  extends  by  metastasis. 

Primary  cancer  is  very  rare  in  bone,  but  tumours  of  a  glandular 
or  epithehal  structure  have  been  met  with,  destroying  the  bone  in  their 
growth.  In  some  cases  this  is  really  a 
penetration  of  a  cancer  into  bone,  but 
there  seem  to  be  actual  cases  in  which  a 
cancer  has  originated  in  bone.  Secon- 
dary CANCER  is  much  more  frequent. 
There  are  some  cancers  which,  when 
they  become  generalized  by  the  cancer- 
ous material  getting  into  the  blood,  have 
a  special  proclivity  to  develop  their  me- 
tastatic tumours  in  the  bone  marrow. 
We  may  thus  in  a  great  number  of  bones 
have  a  cancerous  transformation  of  the 
medulla,  and  as  the  tumour  grows  the 
bone  is  destroj^ed.  A  condition  some- 
times develops  in  this  way  not  unlike 
OSTEOMALACIA  in  the  manner  in  which 
the  bone  becomes  softened.  We  may  thus 
have  cancerous  softening  of  the  bodies 
of  the  vertebrse,  of  the  ribs  or  of  the 
long  bones,  the  tumours  being  in  large 
numbers,  and  everywhere  growing  from 
the  medulla. 

The  bones  are  sometimes  the  seat  of 
CYSTS.  These  mostly  occur  in  the  jaws, 
where  they  may  greatly  distend  the    Fig  326.— cyst  of  upper  end  of  fibula. 

i  1     .  •     xi.  ,    T  .     -r-,.       The  upper  part  of  the  bone  is  expanded 

bone,  but  m  the  case  represented  ni  Fig,   into  a  cyst  which  contained  a  reddish 

326,  the  fibula  was  at  its  end  distended  ' 
into  a  bulky  cyst  which  contained  merely  a  serous  fluid. 

The  CYSTS  OF  THE  JAWS,  Originating  as  they  do  for  the  most  part 
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near  the  alveolar  processes,  are  probably  related  to  the  teeth.  Some 
of  them  are  single,  unilocular  cysts,  and  have  their  origin  in  teeth 
which  have  not  undergone  the  usual  eruption.  A  tooth  or  pieces  of 
hard  substance  (dentine)  are  usually  present  in  the  wall  of  the  cyst. 
Others  are  multilocular  and  develop  out  of  a  gland-like  tissue,  the 
cells  of  which  undergo  colloid  degeneration,  and  in  this  way  form  cysts. 
In  its  original  structure  the  tumour  might  be  called  an  adenoma,  and  a 
considerable  portion  of  it  is  sometimes  composed  of  solid  glandular  or 
epithelial  tissue.  According  to  Eve  the  tumour  arises  by  penetration 
downwards  of  the  epithelium  of  the  gums,  and  he  relates  this  to  the 
normal  penetration  of  this  epithelium  in  the  foetus  in  order  to  form 
the  enamel  organ.  These  multilocular  cysts  are  mostly  innocent,  but 
sometimes  the  epithelium  is  less  regularly  arranged,  and  they  approach 
in  structure  and  tendencies  to  the  cancers.  Both  forms  of  cysts  originate 
in  the  interior  of  the  jaws  and  distend  them ;  those  in  the  upper  jaw 
have  a  special  tendency  to  pass  into  the  antrum  which  they  may 
fill  out. 

FiBROMAS  have  been  occasionally  observed  growing  from  the  perios- 
teum in  the  neighbourhood  of  the  mouth  and  nose,  and  they  sometimes 
project  inwards  into  the  nares  or  mouth  as  fibrous  polypi.  The 
MYXOMA  is  a  very  rare  form  of  tumour. 

Parasites  are  very  rare  in  bone.  The  cysticercus  cellulosae  has 
been  observed,  but  the  echinococcus  more  frequently.  The  hydatid 
cyst  has  mostly  been  met  with  in  the  bones  of  the  pelvis  or  in  the  tibia. 
After  growing  and  distending  the  bone  it  may  burst  through  it  and 
develop  further  in  the  soft  parts  around. 


B.— THE  JOINTS. 

DISLOCATIONS  AND  MISPLACEMENTS. 

Congenital  Dislocations. — Children  are  sometimes  born  with  the 
joints  in  faulty  positions,  some  of  these  being  really  traumatic  and 
others  of  more  obscure  origin.  The  traumatic  cases  arise  for  the  most 
part  during  parturition,  either  from  the  natural  forces  engaged  m 
deb  very,  or  by  dragging  on  the  part  of  attendants.    The  hip-joint  is 
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not  infrequently  dislocated  in  this  way,  and  usually  the  displacement  is 
■  on  both  sides  at  once.  The  head  of  the  bone  is  usually  displaced 
:  upwards  so  as  to  rest  on  the  dorsum  of  the  ileum  above  and  behind  the 

acetabulum.  Through  time  the  head  makes  for  itself  a  new  joint,  and 
I  the  acetabulum  fills  up.  Congenital  dislocations  of  other  joints  are 
j  exceedingly  rare. 

Talipes  or  CLUB-FOO;r. — These  names  are  applied  to  distortions  of 
the  feet,  or  more  rarely  of  the  hands ;  the  bones  assume  certain  ab- 
i  normal  positions  in  which  they  are  retained  by  the  contraction  of 
muscles.    A  certain  proportion  are  congenital,  and  these  seem  to  arise 
in  utero  by  a  faulty  distribution  of  the  impulses  by  which  the  muscles 
1  are  made  to  contract.    One  or  more  muscles  are  kept  in  a  continuous 
;  state  of  more  or  less  rigid  contraction,  while  the  others  are  not,  and 
the  consequence  is  that  the  foot  is  held  in  a  distorted  position. 

The  NON-CONGENITAL  forms  are,  in  the  great  majority  of  cases,  due 
to  infantile  paralysis.  In  this  disease,  as  we  have  seen,  some  muscles 
are  paralysed,  while  others  are  not.  It  has  been  generally  stated  that 
the  deformities  are  due  to  contraction  of  the  unparalysed  muscles  which 
I  -are  not  opposed  in  the  normal  manner  by  the  paralysed  ones.  This 
appears  to  be  the  explanation  in  some  cases,  but  it  does  not  account  for 
the  occurrence  of  talipes  in  cases  where  nearly  all  the  muscles  of  the 
foot  are  paralysed.  Such  cases  indicate  that  the  faulty  position  may 
arise  to  some  extent  because  the  muscles  are  not  able  to  keep  the 
foot  in  its  proper  position,  so  that  it  tends  to  fall  into  the  attitude  it 
would  assume  if  there  were  no  muscles.  These  positions  are  also  vari- 
ously modified  by  the  use  made  of  the  foot  in  walking,  the  parts  being 
brought  against  the  ground  in  the  position  most  suitable  to  stabiHty  in 
the  maimed  condition  of  the  hmb.  In  a  similar  way  club-foot  may  occur 
in  pseudo-hypertrophic  paralysis. 

Besides  paralysis,  it  seems  that  spasm  may  lead  to  talipes,  although 
the  explanation  of  the  local  spasm  is  often  very  obscure.  It  is  stated 
that  mimicry  sometimes  leads  to  it,  or  disease  of  the  nervous  centres 
or  reflex  irritation.  It  is  undoubted  that  children  sometimes  acquire 
a  talipes  after  a  convulsive  attack. 

The  FORMS  OP  TALIPES  do  not  call  for  detailed  description  here. 
There  are  four  principal  forms,  some  of  which  may  be  combined.  In 
TALIPES  VARUS  the  toes  are  inverted,  and  the  inner  margin  of  the  foot 
is  raised  upwards;  the  tibiales  anticus  and  posticus  are  the  muscles 
which  are  chiefly  contracted.    In  talipes  valgus,  which  is  one  of  the 
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rarer  forms,  the  foot  is  turned  outwards,  and  the  outer  border  is  raised, 
there  is  usually  also  some  elevation  of  the  heel ;  the  peronei,  extensor 
longus  digitorum  and  gastrocnemius  are  the  muscles  chiefly  engaged.  In 
TALIPES  EQUINUS  the  heel  is  raised  and  the  foot  extended,  so  that 
the  person  walks  on  the  distal  extremities  of  the  metatarsal  bones ;  the 
gastrocnemius  is  the  muscle  contracted.  In  talipes  calcaneus  the 
heel  is  depressed  and  the  foot  flexed  at  the  ankle,  this  deformity  being 
the  reverse  of  the  preceding  one  ;  the  contracted  muscles  are  chiefly  the 
tibialis  posticus,  the  peronei  and  the  extensors. 

By  long  retention  of  the  fixed  position  the  bones  become  variously 
modified  in  shape,  undergoing  atrophy  where  exposed  to  prolonged 
pressure.  Where  the  cartilage  is  no  longer  used  in  the  movements 
of  the  joints  it  also  atrophies.  The  bones  frequently  acquire  adhesions 
in  their  new  positions,  and  the  ligaments,  by  elongating  or  shortening, 
accommodate  themselves  to  the  new  position.  New  ligamentous 
attachments  are  sometimes  formed,  and  the  bones  may  become  joined 
together  by  anchylosis. 

Traumatic  dislocations. — We  have  here  to  do  with  cases  in  which 
the  bone  is  pushed  out  of  its  place  by  some  external  force  acting  on  it. 
The  bones  are  kept  in  their  places  mainly  by  the  ligaments  of  the  joints, 
but  no  inconsiderable  aid  in  this  regard  is  given  by  the  muscles  which 
act  on  the  bones.  As  a  general  rule  when  external  pressure  is  exercised 
on  a  bone  at  a  joint,  the  muscles  are  so  braced  as  to  enable  the  bone  to 
retain  its  place  in  spite  of  the  external  force.  But  if  unexpectedl}-,  or 
when  the  muscles  are  generally  relaxed  as  by  alcoholic  stupor,  a  force 
is  exercised  on  a  bone,  then  it  may  be  displaced,  although  the  force 
under  ordinary  circumstances  would  be  insufficient  to  produce  this  effect. 
The  bone  may  even  be  displaced  by  the  action  of  the  muscles  themselves, 
where  a  certain  group  acts  very  vigorously  while  their  antagonists  are 
relaxed.  There  are  indeed  persons  who  can  voluntarily  produce 
dislocation  of  almost  all  the  more  movable  joints,  and  that  by  mere 
muscular  efforts.  In  order  to  this  we  must  suppose  a  certain  laxness  of 
the  ligaments,  but  there  is  also  a  power  acquired  by  education  of  strongly 
contracting  certain  muscles,  while  others  which  usually  contract  along 
with  them  are  relaxed.  We  know  that  for  the  most  part  the  muscles 
in  their  contractions  are  co-ordinated,  and  most  people  are  unable 
to  contract  individual  muscles  apart  from  their  co-ordinates,  but  there 
are  exceptional  persons  who  possess  this  power,  some  in  a  hmited  degree 
and  others  very  remarkably.    Many  persons,  for  instance,  cannot  shut 
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one  eye  without  the  other,  and  most  persons  when  they  shut  one  require 
:   to  make  an  active  effort  at  opening  the  other,  in  order  to  prevent  it 
i  shutting  too.    But  there  are  persons  who  can  close  the  eyelids  of  one 
eye  as  easily  as  they  can  close  the  fingers  of  one  hand. 

In  traumatic  dislocation  there  is  usually  tearing  of  the  ligaments  to 
I  some  extent,  and  in  the  case  of  some  joints  much  laceration  is  necessary 
j  before  dislocation  can  occur. 

When  the  bone  is  dislocated,  the  same  contraction  of  the  muscles 
I  which  normally  aids  in  preventing  dislocation,  generally  offers  serious 
I  obstacles  to  the  return  of  the  bone  to  its  normal  place.    If  restoration 
does  not  occur  soon  then  the  bone  acquires  adhesions  in  its  abnormal 
situation,  the  adhesions  being  the  result  of  chronic  inflammation  set  uj) 
by  the  irritation  of  the  bone.    The  displaced  bone  generally  comes  to 
press  with  its  head  against  a  neighbouring  part  of  the  bone  with  which 
it  formerly  articulated,  and  the  adhesions  attach  it  to  the  periosteum 
in  its  new  position.    Friction  by  degrees  wears  down  to  some  extent 
the  opposed  piece  of  bone,  and  as  new  bone  is  produced  around  by  the 
irritation  there  may  be  a  kind  of  hollow  joint  formed.    By  the  wearing 
of  the  bone  the  cancellated  tissue  would  be  exposed,  were  it  not  that 
dense  bone  is  produced  on  the  surface  so  as  to  cover  in  the  spongy 
tissue.    A  smooth  hollow  surface  may  thus  be  produced,  and  a  toler- 
ably perfect  joint,  although  cartilage  is  not  formed  to  cover  it,  but  only 
a  layer  of  smooth  polished  bone.    The  head  of  the  displaced  bone  also 
loses  its  cartilage,  and  may  even  get  worn  away  considerably.    If  the 
bone  remains  permanently  displaced  the  old  hollow  of  the  joint  becomes 
filled  up,  bone  growing  when  the  friction  of  the  opposing  bone  is  nc 
longer  exercised. 

Spontaneous  dislocations  are  mostly  due  to  inflammatory  changes 
in  the  joints  or  their  ligaments,  or  to  the  contraction  of  cicatrices  in  the 
neighbourhood.    It  will  be  understood  also  from  what  has  gone  before, 
.that  the  sudden  contraction  of  one  set  of  muscles  while  the  rest 
I  are  relaxed  may  cause  dislocation.    If  spontaneous  dislocations  are 
i unreduced  there  may  be  changes  in  the  joints  similar  to  those  in 
traumatic  cases,  but  there  are  frequently  primary  inflammatory  changes,, 
jwhich  are  more  prominent  than  those  secondary  changes. 
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ANCHYLOSIS. 

By  this  name  is  meant  fixation  of  a  joint  by  union  of  the  opposing 
bones  by  means  of  firm  adhesions.  The  expression  "  false  anchylosis  " 
is  sometimes  used  to  designate  the  condition  in  which  the  joint  is  fixed, 
not  by  adhesion  between  the  bones,  but  by  rigidity  and  shortening 
of  the  surrounding  soft  parts. 

For  the  most  part  anchylosis  is  the  result  of  inflammations  of  joints, 
where  the  cartilage  has  been  destroyed  and  healing  has  subsequently 
occurred.  In  the  process  of  healing  the  inflammatory  tissue  on  the 
opposing  surfaces  develops  into  connective  tissue,  and  as  the  two 
surfaces  have  to  a  considerable  extent  coalesced,  fibrous  tissue  unites 
them  permanently.  In  this  fibrous  bond  of  union  there  are  often  bony 
plates,  and  occasionally  the  union  is  eff'ected  by  bone  itself.  This,  how- 
ever, is  a  very  unusual  occurrence,  as  even  slight  movement  of  the 
joint  is  sufficient  to  prevent  the  formation  of  bone.  The  fixation  of 
the  joint,  however,  is  often  so  firm  as  to  resemble  an  actual  coalescence 
of  the  bones. 

An  interesting  discovery  was  made  by  Meier  of  Zurich,  in  regard  to 
the  ARCHITECTURE  of  the  cancellated  tissue  of  bones.    The  bony  trabe- 
•culse  of  the  spongy  tissue  do  not  form  an  irregular  net-work,  as  they 
seem  at  first  sight  to  do,  but  they  are  arranged  according  to  a  definite 
architectural  plan.     They  form,  in  fact,  pillars,  which  are  directed 
towards  the  surfaces  on  which  pressure  is  exercised  in  the  various 
movements  of  the  joints.    Each  bone  has  its  own  architectural  struc- 
ture, and  the  structure  corresponds  exactly  with  what  mathematicians 
make  out  as  to  the  direction  of  pressure  in  the  various  bones.  When 
anchylosis  occurs,  or  after  the  healing  of  fractures,  the  lines  of  pressure 
may  be  changed.    If  these  occur  in  growing  bones,  the  architecture 
readily  undergoes  a  corresponding  change.     But  even  in  adults,  by 
thickening  of  the  lamella?  in  some  parts  and  absorption  at  others, 
there  is  a  gradual  adaptation  of  the  structure  to  the  changed  circum- 
stances. 

INFLAMMATION  OF  JOINTS— AETHKITIS. 

This  is  a  somewhat  extensive  subject,  and  includes  the  great  bulk  of 
the  diseases  to  which  the  joints  are  liable,  especially  if  we  include 
scrofulous  or  tubercular  disease  of  the  joints. 

In  most  cases  of  arthritis  the  inflammation  affects,  more  or  less,  all 
the  structures  which  enter  into  the  construction  of  the  joint.  The 
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irritant  is  usually  present  in  the  joint  itself,  and  is  distributed  over 
it  with  the  synovial  fluid  by  the  movements  of  the  joint.  We  may 
expect,  therefore,  that  the  synovial  membrane  and  the  cartilage,  as 
they  cover  the  surface,  will  in  most  cases  be  primarily  affected.  The 
cartilage,  being  non-vascular,  is  less  liable  to  inflammatory  changes  than 
the  synovial  membrane,  which  in  most  cases  is  primarily  and  chiefly 
engaged,  especially  in  acute  inflammations.  But  in  chronic  cases  the 
irritation  extends  beyon4  these  structures  to  the  ends  of  the  bones,  to 
the  neighbouring  periosteum,  and  even  to  the  ligaments. 

Simple  Acute  Arthritis. — This  condition  is  produced  most  directly 
by  the  opening  of  joints  and  the  occurrence  of  septic  decomposition 
in  their  fluids.  But  it  also  occurs  sometimes  by  exposure  to  cold,  from 
injuries,  and  from  the  extension  of  phlegmonous  inflammations  from 
surrounding  parts. 

The  inflammation  resembles  closely  that  of  the  pleura  and  peri- 
cardium in  its  anatomical  details.  The  synovial  membrane  and 
cartilages  are  covered  with  fibrinous  exudation,  and  the  cavity  contains 
serous  fluid  in  which  flakes  of  fibrine  are  visible.  This  fluid  is  some- 
times very  considerable  and  distends  the  joint.  In  this  stage  the 
disease  may  resolve  and  the  joint  return  to  its  normal  condition.  On 
the  other  hand,  especially  if  the  joint  has  been  laid  open  and 
exposed  to  decomposition,  the  inflammation  goes  on  to  suppuration. 
The  synovial  membrane  becomes  swollen  and  dull,  being  infiltrated  with 
inflammatory  cells,  and  gradually  converted  into  granulation  tissue.  If 
the  inflammation  is  very  acute,  we  may  have  suppuration  by  the  mere 
exudation  of  leucocytes  without  much  change  in  the  synovial  mem- 
brane. When  the  disease  has  gone  on  to  the  formation  of  granulation 
tissue  it  is  now  in  a  subacute  condition  and  is  apt  to  be  prolonged. 
The  inflammation  also  extends  beyond  the  synovial  membrane.  In 
the  cartilage  the  cells  undergo  active  proliferation,  and  the  matrix 
breaks  down  ;  thus  softening  occurs,  and  ulcers  form.  There  is  inflam- 
mation of  the  bone,  a  rarefying  osteitis  with  caries.  The  ligaments  also 
take  part  in  the  inflammation,  they  are  softened  and,  with  the  synovial 
membrane,  take  part  in  the  formation  of  granulation  tissue.  The 
periosteum  is  inflamed  and  new  bone  is  formed,  so  that  irregular  pro- 
jections occur  near  the  ends  of  the  bones.  With  all  this  there  is,  of 
course,  usually  an  abundant  purulent  discharge  from  the  joint,  which 
may  weaken  the  patient  and  prove  fatal,  perhaps  Avith  amyloid  disease. 

If  the  mflammation  subsides  the  various  masses  of  granulation  tissue 
develop  into  connective  tissue,  and,  by  the  contraction  of  this  ^reat 
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rigidity  of  tho  joint  may  be  produced.  The  granulation  tissue  lining  the 
joint  does  also  to  a  great  extent  coalesce,  and  the  result  is  a  partial  or 
complete  obliteration  of  the  joint.  The  bones  thus  become  finally 
united  by  fibrous  or  osseous  adhesions,  and  a  permanent  anchylosis  is 
the  result. 

PYiEMic  ARTHRITIS  has  already  been  partly  considered.  In  this 
disease  a  virus  is  deposited  in  the  joint  and  spread  over  the  surface  by 
the  synovial  fluid.  The  result  is  an  acute  inflammation  with  fibrinous 
exudation,  but  generally  going  rapidly  on  to  suppuration.  It  is  re- 
markable that  when  the  joint  is  full  of  pus  there  is  sometimes  very 
little  structural  change  in  the  synovial  membrane,  the  whole  condition 
being  almost  confined  to  the  blood-vessels  from  which  an  excessive 
exudation  has  occurred.  The  inflammation  usually  afi'ects  several  joints 
simultaneously.  It  is  to  be  added  that  occasionally  in  typhus,  dysentery, 
diphtheria,  scarlet  fever,  etc.,  a  similar  acute  arthritis  occurs. 

Acute  rheumatic  arthritis  is,  like  pysemic  arthritis,  due  to  an 
irritant  which  is  present  primarily  in  the  blood  and  affects  the 
structures  of  the  joints  like  other  connective-tissue  structures.  The 
result  is  an  acute  inflammation  accompanied  by  serous  and  fibrinous 
exudation  into  the  joint.  The  synovial  membrane  is  injected  and 
swollen,  and  if  the  inflammation  is  of  sufficient  intensity  and  duration 
the  cartilage,  and  even  the  bone,  take  part  in  it.  The  cartilage  cells 
undergo  proliferation,  and  may  burst  into  the  cavity  of  the  joint.  The 
bones  show  inflammatory  proliferation  in  the  medulla  in  the  usual 
fashion.  As  a  rule  these  changes  do  not  reach  an  extreme  degree,  and 
suppuration  is  hardly  known  to  occur. 

Gouty  Arthritis. — In  this  disease  uric  acid,  in  the  form  of  urate 
of  sodium,  is  deposited  in  the  tissues  of  the  joints.  It  is  first  deposited 
in  the  cartilage,  and,  according  to  Charcot,  always,  to  begin  with,  at  the 
middle  of  the  articulating  surface,  that  being  the  point  furthest  removed 
from  the  blood-vessels.  The  urate  is  sometimes  in  the  form  of  stellate 
crystals  (Fig.  327),  the  cartilage  cells  forming  the  middle  points  of  the 
bunches  of  crystals.  But  the  salt  is  also  deposited  in  the  matrix  and 
often  in  the  form  of  irregular  needles.  It  is  also  frequently  deposited 
in  the  synovial  membrane,  and  in  the  bones,  ligaments,  and  soft  parts 
around  the  joints.  Sometimes  the  salts  are  deposited  even  under  the 
skin,  forming  visible  projections  (the  so-called  tophi  or  chalk-stones). 
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This  deposition  seems  to  lead  to  an  acute  irritation  of  the  structures 
>  of  the  joint,  chiefly  an  intense  hypersemia,  often  with  serous  exudation. 
'  It  never  goes  on  to  suppuration,  however. 

When  recovery  takes  place  it  frequently 
I  leaves  a  chronic  inflammation,  resulting  in 
i  changes  analogous  to  those  in  chronic  ar- 
j  ticular  rheumatism. 

Chronic  Kheumatic  Arthritis.  — 

I  As  a  rule  this  disease  affects  many  joints, 

I  but  as  the  changes  are  virtually  the  same 

i  .as  in  arthritis  deformans,  and  the  two 

i  conditions  run  into  one  another,  we  may 
describe  them  together.  In  arthritis  de- 
formans the  disease  is  partial,  being  con- 
fined perhaps  to  a  single  joint,  and  the     t.-  oo-   r.\.-,      ^  ■  ■  ^■ 

J-         r  o      J        '  Fig.  32(. — Cartilage  of  joint  m  gout, 

lesions  attain  a  much  greater  development  with  crystals  of  urate  of  soda  The 

°  ^  salt  IS  m  stellate  crystals  which  are 

than  in  general  articular  rheumatism.    It  nearly  continuous  at  upper  part  of 

"  .  figure,  which  corresponds  to  surface 

IS  also  much  more  a  disease  of  old  people,  of  joint,  x  200.  (Cornil  and  kan- 

1       J.      J  VIBK.) 

and  IS  met  with  chiefly  among  the  poor. 

In  both  these  diseases  the  nature  of  the  irritant  is  entirely  obscure. 

The  inflammatory  phenomena  appear  first  in  the  synovial  mem- 
brane and  the  cartilages.  The  synovial  fringes  enlarge  by  a  slow 
process  of  inflammation,  and  the  villous  projections  increase  in  number 
and  become  more  prominent.  Not  uncommonly  pieces  of  cartilage 
develop  in  the  fringes,  originating  in  the  cartilage  cells  which  exist 
normally  there,  and  these  pieces  of  cartilage  being  usually  pedunculated 
act  very  much  Hke  free  bodies  in  the  joint  and  may  become  loose. 
The  cartilage  also  sometimes  undergoes  ossification  in  whole  or  in  part. 
At  the  same  time  there  is  an  increase  of  the  synovial  fluid,  but  without 
any  formation  of  fibrine  or  pus. 

The  cartilage  cells  undergo  proliferation  and  the  matrix  presents  a 
peculiar  fibrillation,  so  that  the  cartilage  assumes  a  soft  velvety  condi- 
tion, and  readily  undergoes  destruction  from  the  friction  of  the  opposing 
surfaces.  It  is  stated  by  Rindfleisch  that  the  fibrill^  of  the  matrix 
undergo  mucous  degeneration,  and  that  mucus  may  be  found  in  the 
synovial  fluid. 

The  bone  beneath  the  cartilage  also  undergoes  considerable  alteration, 
especially  when  the  cartilage  gets  worn  away.  To  prevent  the  cancel- 
lated tissue  from  being  opened,  there  is  formed,  as  the  cartilao-e  is 
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destroyed,  a  layer  of  dense  bone,  which  is  smooth  and  polished,  and 
takes  the  place  of  the  cartilage.  This  forms  a  much  less  efficient 
covering,  and  the  ends  of  the  bones  work  roughly  against  each  other. 
This  layer  of  bone  may  also  be  worn  down,  and  so  considerable  atrophy 
of  the  head  of  the  bone  may  result,  a  layer  of  dense  smooth  bone  being 
always  reproduced. 

At  the  borders  of  the  articular  surface  there  is  often  considerable 
new-formation  of  bone,  the  result  of  the  inflammation  where  the  parts 
are  not  exposed  to  friction.  It  appears  from  the  observations  of 
Kanvier  that  the  bone  here  develops  largely  from  cartilage.  The 
synovial  membrane,  at  the  edge  of  the  joint,  covers  in  some  of  the 
marginal  portions  of  the  cartilage,  and  being  thus  protected,  the  cells 
may  proliferate  so  as  to  lead  to  new-formation  of  cartilage,  which  may 
ossify.  The  periosteum  may  also  produce  new  bone,  and  even  the 
ligaments  attached  to  the  periosteum  may  be  the  seat  of  bony  pro- 
cesses. 

With  all  this  there  is  considerable  thickening  of  the  ligaments  by 
inflammatory  new-formation  of  connective  tissue,  and  often  fibrous 
union  between  opposing  parts  of  the  joints.  Indeed,  if  the  joints  are 
kept  at  rest,  there  may  be  a  complete  union  of  the  parts  around  the 
joints  opposite  each  other,  leading  to  anchylosis. 

Without  anchylosis  there  is  stiff'ness  of  the  joints,  whose  movements 
are  greatly  curtailed.  There  is  frequently  great  deformity  from  the 
thickening  of  the  tissues  and  new-formation  of  bone. 

An  extreme  degree  of  arthritis  deformans  is  sometimes  seen  in  the 
hip  joint,  when  it  gets  the  special  name  of  morbus  coxm  senilis. 
Here  the  wearing  down  of  the  head  of  the  bone  is  sometimes  very- 
extreme,  so  that  ultimately  the  articulating  surface  may  lie  between 
the  trochanters.  As  new-formation  of  bone  occurs  simultaneously  at 
the  borders  of  the  articular  surface,  a  kind  of  artificial  head  is  produced, 
and  the  appearance  is  presented  as  if  the  neck  were  atrophied  and  the 
head  displaced.  In  like  manner  an  apparent  widening  of  the  aceta- 
bulum may  occur.  The  original  articular  surface  is  worn  away,  but  by 
the  formation  of  new  bone  by  the  periosteum  around,  a  w-all  is  formed, 
giving  the  appearance  of  the  borders  of  a  widened  acetabulum. 

Syphilis  does  not  frequently  attack  the  joints,  but  rheimiatic 
attacks  in  syphilitic  persons  may  have  some  relation  to  the  specific 
virus.  According  to  Lancereaux,  there  may  be  in  the  secondary  stage 
an  inflammation  like  that  of  acute  or  subacute  rheumatic  arthritis, 
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I  and,  in  the  tertiaiy  stage  manifestations  like  those  of  chronic  ar- 
I  thritis. 

I  • 

I 

Scrofulous  or  Tubercular  Arthritis. — Besides  these  names, 
t  this  disease  is  often  called  strumous  synovitis,  gelatinous  de- 
j  generation  of  the  joint,  tumor  albus,  fungous  caries,  etc.  The 
i  disease  occurs  mostly  in  delicate  children,  but  as  it  is  associated  with 
I    the  formation  of  definite  tubercles  we  must  regard  it  as  taking  origin  in 

•  the  specific  tubercular  vifus.    It  is  sometimes  said  that  the  tubercular 

•  formation  is  secondary,  and  that  there  is  first  a  chronic  inflammation  of 
j  a  scrofulous  kind  going  on  to  caseous  degeneration,  and  so  leading 
j  .  to  the  formation  of  tubercles.  A  case  observed  by  the  author  is  quite 
j  opposed  to  such  a  view.  There  was  in  this  case  a  great  thickening  of 
I  the  synovial  membrane,  which  was  converted  into  a  bulky,  soft,  grey 
i  tissue,  which  overlapped  the  cartilage,  and  was  so  prominent  that  when 
j  the  joint  was  opened  for  the  purpose  of  excision  the  idea  of  a  tumour 
I  was  suggested.  There  was  not  a  trace  here  of  caseous  material  or  of  pus, 
;  and  yet  the  thickened  synovial  membrane  consisted  essentially  of 
i    an  immense  aggregate  of  tubercles  with  inflammatory  tissue  around 

them.  The  tubercles  Avere  of  typical  form,  with  large  giant  cells. 
1^  The  disease  begins  usually  in  the  synovial  membrane,  and  consists  in 
'  a  formation  of  tubercles  and  a  chronic  inflammation  with  great  pro- 
duction of  granulation  tissue.  The  soft,  pulpy  granulation  tissue  gives 
the  synovial  membrane  a  gelatinous  appearance,  from  which  one  of  the 
I  names  of  the  disease  is  taken.  There  is  also  a  slow  enlargement  of  the 
J    joint  from  the  increased  bulk  of  the  synovial  membrane. 

The  ends  of  the  bones  constituting  the  joint  are  affected  simul- 
'    taneously  or  soon  after,  and  here  the  characters  presented  are  those  of 
;    a  rarefying  osteitis.    The  medullary  spaces  become  filled  Avith  granula- 
tion tissue  and  enlarged  by  destruction  of  the  bony  lamellae.    In  this 
granulation  tissue  there  are  also  tubercles.    In  this  way  there  is,  as  it 
were,  a  pad  of  granulations  under  the  articular  cartilage. 
|l        The  cartilage  also  at  the  sides  is  partly  encroached  on  and  overlapped 
by  the  altered  synovial  membrane  which  advances  over  it.    In  this 
way  it  is  partly  enclosed  between  two  layers  of  granulation  tissue, 
i     and  it  gradually  becomes  eaten  into.    The  granulations,  chiefly  those 
*     of  the  medulla,  extend  into  the  cartilage,  and  their  encroachment  is 
.     assisted  by  proliferation  of  the  cartilage  corpuscles,  which  enlarge  and 
I    cause  softening  of  the  matrix  around. 

By  the  absorption  of  the  cartilage  the  whole  joint  may  be  converted 
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into  a  cavity  lined  with  granulation  tissue,  and  the  ligaments  also  are 
Irequently  transformed  in  a  similar  way. 

Generally  suppuration  results,  and  the  joint  becomes  filled  with  pus 
Abscesses  also  not  uncommonly  form  around  the  joints.  Through  time 
the  pus  generally  finds  its  way  outwards,  and  is  discharged'' by  an 
aperture  in  the  skin.  A  fistulous  canal  is  the  result,  forming  a  com- 
munication between  the  cavity  of  the  joint  and  the  surface,  and  thi.s 
canal  is  also  lined  with  exuberant  granulations,  which  pout  out  at  the 
opening  in  the  skin.  Among  the  granulations  here,  as  elsewhere 
tubercles  are  found.  ' 

The  rubbing  of  the  two  ends  of  the  bones,  which  are  now  covered 
by  granulations,  leads  to  an  ulcerative  destruction  of  these  soft  struc- 
tures. The  inflammation  extends  more  deeply  in  the  bone  as  the 
superficial  parts  are  ulcerated,  and  so  we  have  progressive  caries.  For 
some  distance  beneath  the  surface  the  medullary  spaces  are  filled  with 
granulations  and  the  bony  trabeculse  thinned.  It  will  be  understood 
from  this  how  the  disease  is  apt  to  recur  unless  the  whole  carious  por- 
tion be  removed,  for  tubercles  are  present  in  the  granulation  tissue  fill- 
ing the  medullary  spaces,  and  unless  they  be  removed  a  fresh  extension 
may  occur. 

In  an  early  period  of  the  disease,  before  suppuration  has  occurred, 
there  may  be  recovery ;  but  after  the  occurrence  of  suppuration,  there 
is  seldom  a  spontaneous  restoration,  which  at  best  is  a  slow  process. 
If  recovery  takes  place  the  granulating  surfaces  unite  more  or  less,  and 
the  joint  being  partly  or  completely  obliterated,  a  fibrous  union  may 
come  about,  leading,  it  may  be,  to  anchylosis. 


DISEASES  OF  THE  SKIN  AND  ITS  APPENDAGES. 

INTEODUCTION. 

rpHE  diseases  of  the  skin  are  exceedingly  manifold,  and  the  names 
applied  to  them  somewhat  complicated.  In  the  present  section 
no  attempt  will  be  made  to  give  a  complete  description  of  the  appear- 
ances presented  in  each  affection.  So  far  as  the  naked-eye  appearances 
are  concerned,  these  are  sufficiently  described  in  the  text-books  on  the 
practice  of  medicine  or  on  diseases  of  the  skin.  We  shall  endeavour 
here  to  summarize  the  pathological  conditions  and  group  together  the 
various  diseases  according  to  the  nature  of  the  lesion.  It  will  be 
necessary  first  to  refer  to  the  normal  structure  of  the  skin. 

Normal  Structure.— The  corium  or  true  skin  is  a  very  vascular 
dense  membrane  composed  of  interlacing  fibres  of  connective  tissue,  with 
numerous  elastic  fibres.  It  is  richly  suppHed  with  nerves,  and  possesses 
bundles  of  smooth  muscle.  It  has  also  a  rich  system  of  lymphatic 
vessels.  In  the  corium  we  may  distinguish  a  superficial  or  papillary 
layer  and  a  deeper  one.  Many  of  the  diseases  affect  the  papillary 
layer  especially. 

The  EPIDERMIS  on  the  surface  of  the  corium  is  in  several  layers  (Fig. 
328).  Most  superficial  is  the  horny  layer  {a)  composed  of  flat  cells,  which 
are  Httle  more  than  scales,  and  have  lost  their  nuclei.  Next  comes  the 
stratum  lucidum  (6)  composed  of  flat  transparent  cells.  This  is  followed 
by  the  stratum  granulosum,  also  composed  of  flat  cells  which  are  granular. 
Most  deeply  situated  is  the  stratum  mucosum  or  rete  Malpighii,  com- 
posed of  cells  which,  in  the  deepest  layer,  are  cylindrical,  but  towards 
the  surface  become  polygonal  and  flattened.  In  the  deeper  layers  the 
cells  are  serrated  at  the  margins,  so  as  to  give  the  appearance  of  prickles 
by  which  the  cells  fit  into  each  other.    The  stratum  lucidum  and  stra- 
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turn  granulosum  are  thin,  and  for  practical  purposes  the  epidermis  may 
be  divided  into  the  horny  and  Malpighian  layers.  The  Malpighian  layeV 
extends  between  the  papillae  of  the  corium,  forming  interpapillary  pro- 
cesses. 

The  Sebaceous  Glands  may  be  regarded  as  modified  prolongations 
of  the  Malpighian  layer.  They  are  mostly  connected  with  hair  foUiclcs 
into  which  they  open,  but  sometimes  large  glands  are  connected  with 
small  hairs  and  small  glands  with  large  hairs,  while  there  are  glands 
not  connected  with  hairs  at  all.  The  sudoriparous  glands  are 
usuall}^  situated  beneath  the  skin,  their  ducts  passing  through  corium 
and  epidermis,  having  a  spiral  course  in  the  latter.  The  hairs  are 
composed  of  horny  epidermis,  and  are  placed  in  follicles.  In  the  latter 
two  layers  of  epidermis  can  be  distinguished  (Fig.  328),  the  outer  root 
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Fig  328  —Section  of  epidennic  layer  of  skin  with  a  hair  and  its  follicle,  a,  honiy 
layer  :  h,  stratum  lucidum  ;  c,  Malpighian  layer  with  {d)  the  deepest  layer  of  cyUudn- 
cal  cells ;  e,  hair,  whose  sheath  presents  two  layers,  one  continuous  with  the  horny 
and  the  other  with  the  Malpighian  layer,    x  350. 

sheath  corresponding  with  the  Malpighian  layer,  and  the  inner  r( 
sheath  corresponding  with  the  horny  layer.     At  the  bottom  of 
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j  follicle  is  a  papilla  continuous  with  the  corium,  and  on  this  is  set  the 

I  bulb  of  the  hair.    The  NAILS  are  composed  of  compressed  horny  epi- 

i  dermis.    Beneath  the  nail  are  still  two  layers  of  epidermis,  a  horny 

j  layer  of  loose  cells,  and  a  Malpighian  layer  covering  well-formed 

j  papillie. 

j        The  exposed  position  of  the  skin  renders  it  very  liable  to  the  in- 

j  fluence  of  agents  acting  ^rom  without.    It  is  also  liable  to  be  influenced 

I  by  irritants  circulating  ''in  the  blood,  in  which  case  the  skin  affection 

i  will  probably  be  an  insignificant  part  of  a  general  condition.    The  skin 

j  again  is  liable  to  be  aff"ected  by  states  of  the  nervous  system.  From 

j  .  these  remarks  it  will  be  inferred  that  the  inflammations  of  the  skin 

i  are  the  most  important  morbid  conditions,  and  these  will  call  most 
largely  for  description. 

HYPERyEMIA,  H^MOEEHAGE,  (EDEMA  OF  THE  SKIN. 

The  skin  is  very  liable  to  variations  of  its  blood  supply.    An  active 
}   HYPEREMIA  hardly  occurs  as  a  pathological  condition  except  as  part  of 
an  inflammation.    Passive  hypersemia,  on  the  other  hand,  is  exceedingly 
common  as  a  result  of  general  venous  engorgement,  especially  in  disease 
of  the  heart,  where  it  leads  frequently  to  cyanosis. 

HEMORRHAGES  are  frequent  and  of  various  kinds.  As  to  their  causes 
little  need  be  added  to  what  is  stated  at  p.  45.  The  skin  is  liable  to 
haemorrhage  by  traumatic  rupture  of  its  vessels,  but  still  more,  perhaps, 
by  alterations  in  the  state  of  the  blood  aff'ecting  its  vessels.  In  scurvy, 
in  purpura,  in  small-pox,  in  typhus,  etc.,  the  skin  is  the  seat  of  hgemor- 
rhage  much  more  frequently  than  any  other  structure. 

The  blood  escaping  from  the  vessels  collects  in  the  serous  spaces  of 
the  corium  for  the  most  part,  but  may  pass  to  the  subcutaneous  tissue, 
where  the  fat  is  sometimes  considerably  infiltrated.  When  the  blood 
has  escaped  from  a  small  vessel  and  infiltrates  a  limited  area  so  that  a 
bluish  spot  is  seen  on  viewing  the  surface,  the  term  petechia  is 
given.  As  these  small  hsemorrhages  depend  on  the  state  of  the  blood 
the  petechise  are  nearly  always  multiple.  When  the  blood  infiltrates  a 
larger  area,  then  the  term  ecchymosis  is  used.  Sometimes  the  blood 
collects  between  corium  and  epidermis,  and  then  a  hgemorrhagic  vesicle 
is  the  result ;  but  this  can  only  happen  if  the  deeper  layers  of  the  epi- 
dermis have  been  killed  so  as  to  allow  of  their  separation  from  the  corium. 
When  there  are  numerous  small  hajmorrhagcs  forming  a  laro-e  number 
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of  petechias,  then  it  is  customary  to  use  the  term  purpura,  or  to  speak 
of  a  purpuric  condition. 

The  blood  effused  in  the  skin  undergoes  changes  Hke  those  already 
described  at  p.  47.  The  affected  area  is  first  dark  blue,  and  the  colour 
does  not  disappear  on  pressure.  After  a  time,  as  the  blood-colouring 
matter  is  dissolved,  the  colour  gets  fainter  and  changes  in  hue,  while 
the  discolouration  becomes  more  extended.  If  blood  has  collected 
between  the  layers  of  epidermis,  it  comes  to  the  surface  and  is  dis- 
posed of  as  the  epidermis  is  shed. 

(Edema  of  the  skin,  apart  from  inflammation,  is  chiefly  related  to 
disease  of  the  heart  and  kidneys.  Its  general  pathology  has  been  con- 
sidered at  pp.  53  and  54.  The  exuded  fluid  collects  in  the  lymph 
spaces  and  is  carried  off  by  the  lymphatics.  A  condition  of  the  skin 
has  been  recently  described  under  the  name  MYX(EDEMA.  '  It  appears  to 
occur  in  connection  with  Bright's  disease,  and  differs  from  ordinary 
oedema  in  respect  that  the  fluid  occupying  the  spaces  contains  a  con- 
siderable amount  of  mucine.  The  oedematous  parts  are  much  firmer 
than  in  ordinary  oedema  and  do  not  pit  on  pressure. 


ATEOPHIC  CHANGES  IN  THE  SKIN. 

Simple  Atrophy  is  not  uncommon  in  the  skin.  The  most  frequent 
example  of  it  is  afforded  by  senile  atrophy,  resulting  in  the  winkled 
skin  of  old  people.  In  this  case  the  connective  tissue  of  the  cutis  loses 
in  bulk,  especially  the  papillary  Isijer.  Very  often  the  remaining  fibres 
have  a  strikingly  granular  appearance  under  the  microscope,  but  there 
iire  sometimes  patches  in  which  the  fibres  have  assumed  a  glassy  or 
colloid  character,  so  as  to  give  rise  to  the  designation  colloid  or  hyaline 
degeneration.  The  epidermis  is  also  thinner  and  dry,  and  there  is  often 
desquamation  in  the  form  of  dry  scales  or  larger  membranous  pieces. 
The  hairs  are  atrophied,  as  their  papillae  have  taken  part  in  the  general 
atrophy  of  the  papillae  of  the  skin.  The  hair-follicles  are  shortened  and 
the  sebaceous  glands  on  this  account  may  be  brought  close  to  the  sur- 
face, almost  opening  directly  on  it.  The  secretion  may  accumulate  in 
the  sebaceous  glands  so  as  to  form  small  or  large  cysts. 

A  general  atrophy  also  occurs  in  emaciated  persons,  and  it  may 
■closely  resemble  the  condition  in  senile  atrophy. 

There  are  further  conditions  variously  named  parchment  skin, 
xeroderma,  general  atrophy,  hide-bound  skin,  which  are  of  rare  occur- 
rence, and  are  not  very  well  understood  in  their  exact  relations.  The 
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skin  is  thinned  and  hardened,  especially  the  epidermis,  so  that  the  body 
seems  covered  with  stiff  parchment,  which  often  looks  as  if  too  small 
for  the  surface  to  be  covered,  so  that  the  movements  of  the  limbs  are 
impeded.  It  is  sometimes  mottled  with  pigmented  spots,  sometimes 
white.  The  disease  generally  begins  in  early  life  and  extends  gradually 
over  the  skin.  This  condition  will  be  considered  subsequently  under 
the  tropho-neuroses. 

Of  the  LOCAL  ATROPHIES  the  most  famihar  is  that  which  occurs  after 
PREGNANCY.  It  is  w*ll  known  that  white  lines  are  found  in  the 
abdomens  of  persons  who  have  been  pregnant.  Similar  lines  occur  in 
persons  whose  abdomens  have  been  distended  by  tumours,  by  ascites,  or 
even  by  accumulation  of  fat.  The  white  lines  have  a  cicatricial  appear- 
ance, and  they  seem  to  owe  their  origin  to  the  connective-tissue  fibres 
of  the  cutis  being  dissociated  by  the  stretching.  Somewhat  similar 
white  lines  or  strise  sometimes  occur  idiopathically,  especially  over  the 
buttocks,  trochanters,  pelvis  and  thighs. 

The  Hairs  are  liable  to  atrophy,  and  two  forms  may  be  distin- 
guished according  as  either  the  hair  itself  or  its  pigment  diminishes. 
Alopecia  or  baldness  is  atrophy  of  the  hair  itself.  All  through  life  a 
continuous  falling  out  of  the  hair  is  occurring,  and  is  due,  as  we  have 
seen  before,  to  an  atrophy  chiefly  of  the  bulb.  But  the  papilla  remains, 
and  a  healthy  new  hair  is  produced  on  the  site  of  the  old  one.  In  old 
people,  however,  the  new  hairs  are  not  usually  reproduced  of  normal 
size,  and  they  become  gradually  finer  and  finer,  till  there  are  only  the 
finest  woolly  hairs  on  the  bald  part,  or  even  none  at  all.  It  is  well- 
known  that  this  condition  frequently  occurs  in  comparatively  early  life 
— premature  alopecia.  The  cause  seems  to  be  an  atrophy  of  the 
papilla  and  sometimes  of  the  skin  itself.  Besides  being  produced  in 
this  way,  baldness  may  be  secondary  to  syphilis,  to  inflammations  and 
to  certain  parasitic  diseases ;  in  these  cases  it  depends  on  interference 
with  the  nutrition  of  the  sheath  and  j)apilla. 

Special  attention  has  been  paid  to  alopecia  AREATA,  in  which  bald- 
ness occurs  in  circular  patches.  These  patches  are  not  entirely  bald, 
but  are  covered  with  fine  woolly  hairs,  and  the  papillse  are  not  de- 
stroyed. The  nature  of  this  disease  must  still  be  regarded  as  obscure. 
Some  regard  it  as  of  parasitic  origin,  and  Eichhorst  states  that,  as  the 
fungus  is  mainly  in  the  hair  sheath,  it  is  usually  left  behind  when  the 
hair  is  extracted,  and  so  is  overlooked.  Others  assert  that  it  is  due  to 
changes  in  the  nerves  which  command  the  nutrition  of  the  skin,  and 
is  a  tropho-neurosis. 
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Canities  or  greyness  of  the  hair  is  also  for  the  most  part  a 
natural  atrophy  of  old  age.  But  it  also  sometimes  comes  on  pre- 
maturely. It  depends  for  the  most  part  on  a  deficiency  of  pigment  in 
the  individual  hairs  at  their  original  formation,  so  that  the  pigment 
granules  between  the  cells  in  the  cortical  layers  of  the  hair  are 
diminished.  But  there  may  be  a  temporary  blanching  of  the  hair  from 
air  getting  infiltrated  among  the  cells  of  the  cortex.  Cases  of  sudden 
permanent  blanching  have  received  no  satisfactory  explanation. 

The  nails  are  liable  to  atrophy,  which  may  be  congenital  or 
acquired.  In  the  course  of  acute  illnesses,  such  as  fevers  or  maniacal 
attacks,  the  formation  of  the  nails  is  often  diminished,  and  the  illness 
is  marked  for  a  time  by  a  transverse  depression,  which,  with  the  growth 
of  the  nail,  proceeds  from  the  root  outwards,  and  disappears  in  due 
course.  The  nails  also  atrophy  sometimes  in  consequence  of  various 
parasitic  or  inflammatory  skin  diseases.  The  nail  substance  may  be 
simply  thinner  and  more  delicate  than  normal,  or  it  may  be  brittle 
and  split  or  crumble  readily. 


INFLAMMATIONS  OF  THE  SKIN. 


These  include  a  very  great  variety  of  diseases,  and  the  nomenclature 
is  exceedingly  complicated.  In  the  skin,  as  elsewhere,  inflammation  is 
produced  by  the  action  of  irritants,  and  the  form  of  the  infi  animation 
will  depend  greatly  on  the  nature  and  source  of  the  irritant.  But 
it  depends  perhaps  just  as  much  on  the  nature  and  condition  of  the 
skin  itself,  the  same  irritant  producing  very  different  effects  in  different 
persons. 

As  illustrative  of  many  points  in  the  pathology  of  inflammations  of 
the  skin,  we  shall  refer  to  the  very  simple  case  of  the  results  of  a  flea- 
bite.  The  results  are  not  the  same  in  every  person,  because  different 
persons  are  variously  susceptible  to  the  irritant.  When  a  flea  pene- 
trates the  epidermis  it  introduces  an  irritant,  which  has  an  immediate 
effect  on  the  sensory  nerves.  This  is  followed  in  certain  persons  by  an 
oedema  of  the  superficial  layers  of  the  skin,  leading  to  the  formation  of  a 
flat  elevation  called  a  WHEAL.    By  rubbing,  the  poison  is  dispersed  in  the 
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serous  spaces  around  the  puncture,  and  the  wheal  is  enlarged  up  to  a 
certain  point.    The  wheal  is  preceded  by  a  slight  hyperaemia,  and  at  its 
periphery  there  is  still  some  redness  of  the  skin,  but  this  is  generally 
insignificant.    After  a  short  time  all  trace  of  the  irritation  subsides  ; 
the  inflammation  has  been  very  shght  and  transient.    But  the  irritant 
still  remains,  and  next  day  more  permanent  changes  show  themselves. 
At  the  place  of  the  puncture  there  is  a  conical  elevation,  which  at 
first  is  solid,  forming  a  PAPULE,  but  after  a  time  presents  a  clear 
cavity  containing  fluid,  4  vesicle.    Both  of  these  conditions  are  again 
due  to  inflammatory  exudation.    The  exudation  is  from  the  vessels  of 
the  papillary  layer  of  the  sldn,  and  it  consists  of  serous  fluid,  with 
leucocytes.     This  may  confine  itself  to  the  papillae,  or  it  may  pass 
among  the  epidermic  cells,  loosening  them  out,  in  either  case  forming  a 
solid  elevation  or  papule.    But  it  may  so  dissociate  the  epidermic  cells 
as  to  form  a  cavity  in  which  it  collects,  thus  producing  a  vesicle.  The 
vesicle  does  not  form,  as  might  be  supposed,  between  the  epidermis  and 
cutis,  but  among  the  deeper  layers  of  the  epidermis  itself,  the  softer 
cells  of  the  Malpighian  layer  becoming  separated  so  as  to  leave  a  space. 
According  to  Ziegler,  this  is  always  by  necrosis  and  destruction  of  some 
of  these  cells. 

The  papules  and  vesicles  thus  formed  are  often  very  persistent, 
remaining  with  trivial  alterations  for  days  or  even  weeks.  As  a  rule, 
the  vesicles  dry  in,  and  only  papules  are  left,  but  the  vesicles  are  some- 
times renewed  at  intervals.  The  elevations  ultimately  subside,  but 
a  piece  of  epidermis  is  discharged  from  the  surface,  a  DESQUAMATION, 
and  the  skin  is  restored  to  its  normal  condition. 

Causation  of  Cutaneous  Inflammations. — From  what  has  gone 
before,  it  will  be  apparent  that  in  the  case  of  all  inflammations  we  have 
to  look  for  an  irritant.  But  the  illustration  just  given  shows  that  the 
same  irritant  produces  very  different  effects  in  different  persons.  We 
have  seen  that  in  some  persons  a  flea-bite  produces  an  exudation  lead- 
ing to  the  formation  of  a  wheal,  but  in  many  persons  it  does  not.  In 
some  persons  a  wheal  may  be  produced  by  a  very  trivial  irritation.  A 
simple  scratch  with  the  finger-nail  will,  in  some,  cause  a  raised  line  such 
as  in  others  is  produced  by  the  lash  of  a  whip.  Then  it  is  remarkable 
that  in  the  same  person  at  one  time  a  wheal  will  be  produced  by  a 
simple  scratch  and  at  .others  it  will  not.  These  differences  apparently 
depend  on  variations  in  the  state  of  the  nervous  system  at  different 
times  and  in  different  persons.    In  urticaria  there  is  a  formation  of 
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wheals  in  various  parts  of  the  body  without  any  special  external  irritant. 
Such  attacks  are  usually  brought  on  by  eating  shell-fish,  walnuts,  or  other 
special  forms  of  food.  These  substances  appear  to  jjroduce  their  effects 
through  the  nervous  system,  inducing,  by  reflex  action,  a  peculiarly 
sensitive  state  of  the  skin.  The  wheals  occur  especially  in  parts  of  the 
skin  which  are  irritated  by  rubbing  or  by  the  contact  of  the  clothes, 
and  there  may  be  very  striking  oedema  of  the  eyeHds,  for  instance, 
where  the  feeling  of  itchiness  has  induced  the  person  to  rub  them  more 
than  other  parts. 

In  almost  all  forms  of  inflammation  the  state  of  the  nervous  system 
and  individual  peculiarities  have  a  most  important  bearing  on  the  form 
and  intensity  of  the  process.  But  there  are  some  forms  of  inflammation 
in  which  the  condition  of  the  nervous  system  has  even  a  more  direct 
bearing  on  the  causation.  Where  the  trophic  centres  of  parts  of  the 
skin  are  interfered  with,  a  trivial  irritation  may  lead  to  necrosis  or 
severe  inflammation. 

Inflammations  owe  their  immediate  origin  to  direct  or  indirect 
irritation  of  the  skin.  The  irritant  may  be  circulating  in  the  blood  and 
carried  to  the  skin  as  to  other  structures.  This  applies  to  the  cutaneous 
eruptions  in  the  acute  specific  fevers  and  in  syphilis ;  in  these  cases  we 
may  designate  the  eruptions  as  symptomatic.  On  the  other  hand,  the 
irritant  may  come  from  without,  as  in  the  case  of  erysipelas,  scalding, 
etc.,  and  the  inflammation  is  localized  according  to  the  extent  of 
the  irritation. 


FORMS  OF  CUTANEOUS  INFLAMMATIONS. 

It  is  somewhat  difficult  to  classify  the  various  inflammations  of  the 
skin,  but  for  convenience  we  shall  consider  them  in  four  groups  : — (1) 
Symptomatic  Inflammations  ;  (2)  Inflammatory  Skin  Eruptions ;  (3) 
Traumatic  and  Non-infective  Inflammations ;  (4)  Septic  and  Infective 
Inflammations. 

1.  SYMPTOMATIC  INFLAMMATIONS. 

This  class  embraces  the  inflammations  occurring  in  the  acute  fevers. 
Of  the  former,  some  are  very  trivial  so  far  as  the  actual  lesion  in 
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the  skin  is  concerned.  Thus,  the  eruptions  in  measles,  scarlatina,  typhoid 
and  typhus  fevers,  consist  of  little  more  than  an  inflammatory  hyper- 
iemia,  with  slight  exudation.  The  action  of  the  irritant  on  the  epider- 
mis is  evidenced  in  many  cases  by  the  subsequent  occurrence  of 
desquamation,  which  imphes  that  the  cells  have  been  so  injured  as 
to  lead  to  their  premature  necrosis  and  discharge. 

In  SMALL-POX  ther^  is  a  much  more  severe  inflammation.  As  the 
changes  here  afford  ah  excellent  example  of  the  more  pronounced 
inflammatory  lesions  of  the  skin,  and  may  be  regarded  as  typical  of 
the  anatomical  conditions  in  inflammatory  skin  eruptions  in  general, 
they  merit  a  more  careful  study.  In  this  case  the  virus  evidently 
lodges  in  the  skin  and  multiplies  there,  leading  to  pronounced  local 
changes.  The  fine  particles,  which  we  saw  in  a  previous  page  to  be 
the  direct  vehicles  of  the  virus,  are  present  in  the  small-pox  eruption, 
especially  in  the  earlier  stages  of  the  process,  and  it  is  evidently  the 
products  of  their  action  that  irritate  the  skin. 

The  efl'ects  of  the  irritant  are  seen  mainly  in  the  epidermis,  which 
shows  changes  chiefly  in  the  more  plastic  Malpighian  layer.  Many  of 
the  cells  undergo  a  kind  of  coagulation  necrosis,  their  nuclei  being  lost 
and  their  substance  converted  into  a  hyaline  material.  These  ne- 
crosed epidermic  cells  allow  of  spaces  being  formed  among  their  layers, 


.if^i?'/^^"^^^''**°"  ?^  a  small-pox  vesicle.   Superficially  there  is  a  network  formed  of  tho 

to  a  sweat-gland,  the  coils  of  which  are  distinguishable,     x  140.    (After  Rindfleisch.) 
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ill  which  exuded  fluid  collects.  In  this  way  a  vesicle  is  formed,  but  it 
does  not  consist  of  a  single  cavity.  As  shown  in  Fig.  329,  the  epidermic 
cells  or  their  remains  form  a  network  of  fibres  and  partitions  which 
divide  the  vesicle  into  compartments  or  loculi  (/;  in  figure)  in  which  a 
.serous  fluid  containing  the  fine  particles  already  referred  to  is  contained. 
As  the  inflammation  increases  in  intensity  leucocytes  are  exuded,  and 
these  accumulate,  as  seen  in  the  figure,  both  in  the  superficial  layers  of 
the  cutis  ((i)  and  in  the  loculi  of  the  vesicle.  By  the  aggregation 
of  these  the  vesicle  becomes  a  pustule.  In  the  figure  it  is  seen  that 
while  the  papillary  layer  of  the  skin  (d)  is  somewhat  infiltrated  with 
leucocytes,  yet  it  is  not  destroyed,  and  the  interpapillary  processes 
of  the  Malpighian  layer  of  the  epidermis  (c)  still  persist.  Sometimes 
no  further  destruction  occurs  than  this;  the  pustule  dries  in  and  a 
crust  is  formed,  and  under  it  the  Malpighian  layer  forms  new  epidermis, 
.so  that  when  the  crust  is  shed  healing  occurs  without  any  loss  of  sub- 
stance. But  more  commonly  the  action  of  the  virus  causes  death  of  the 
superficial  layers  of  the  cutis  as  well  as  of  the  epidermis.  This  is 
shown  in  Fig.  330,  where  an  injection  thrown  into  the  arteries  runs  into 


Fig.  330.— Small-pox  eruption  with  necrosis,  from  an  injected  specimen.  The  nor- 
mal skin  at  either  side  (a,  a)  has  its  vessels  fuUy  injected,  whUe  the  necrosed  part  (6) 
is  nninjected  and  homogeneous,    x  50.  (Rindfleisch.) 

the  surrounding  skin  (a  a),  but  does  not  penetrate  into  the  slough  (b).  In 
this  case,  when  the  crusts  are  torn,  little  sloughs  infiltrated  with 
pus  are  revealed,  on  the  removal  of  which  ulcers  appear.  By  the 
healing  of  the  flat  ulcers  we  have  the  depressed  reticulated  cicatrices 
characteristic  of  small-pox  (the  so-called  pitting  of  small-pox). 


2.  INFLAMMATORY  SKIN  ERUPTIONS. 

We  include  here  all  simple  inflammations  of  the  skin  which  do  not 
depend  on  any  traumatic  or  infective  cause. 


ERYTHEMA  AND  ROSEOLA — ECZEMA. 
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(I)  Erythema  and  Roseola. — These  names  are  applied  to  mild  in- 
flammatory conditions  in  Avhich  the  chief,  and  sometimes  the  only 
apparent,  change  is  hyperaemia.  The  inflammatory  nature  of  the  con- 
dition is,  however,  often  indicated  by  the  existence  of  more  or  less 
swelling,  due  to  osdema  of  the  superficial  layers  of  the  skin  (erythema 
nodosum  and  papulosum).  The  attacks  are  frequently  evanescent,  but 
are  often  followed  by  desquamation,  which  also  evidences  the  inflamma- 
tory nature  of  the  condition. 

These  very  mild  inflammations  are  frequently  somewhat  generalized, 
and  appear  in  many  cases  to  be,  like  urticaria,  related  to  special  condi- 
tions of  the  nervous  system,  especially,  perhaps,  of  the  vaso-motor 
nerves.  They  may  also  be  produced  by  external  irritants,  especially 
in  susceptible  persons. 

(2)  Eczema. — This  name  is  apjilied  to  localized  inflammations  of  the 
skin,  usually  of  a  sub-acute  or  chronic  character.  The  mere  fact  of 
their  local  nature  would  indicate  that  the  irritant  here  comes  from 
Avithout ;  but  external  irritation  is  hardly  ever  the  entire  explanation 
of  the  attacks.  In  no  other  disease  do  individual  peculiarities  and 
special  states  of  the  organism  play  a  more  important  part.  The  ex- 
ternal irritant  may  be  very  various,  such  as  medicinal  ointments,  stuffs 
used  by  the  patient  in  his  occupation,  as  in  dyeing,  parasites  which  in- 
duce scratching,  etc.  The  intensity  of  the  inflammation  depends  on 
the  susceptibility  of  the  patient  and  the  character  of  the  irritant.  The 
various  degrees  of  intensity  are,  to  a  great  extent,  distinguished  by  the 
characters  of  the  eruption,  so  that  we  have  papules,  vesicles,  pustules, 
•etc.,  characterizing  different  cases  of  eczema. 

If  the  irritation  be  very  mild  there  is  little  beyond  a  patch  of  red- 
ness, with  raised  papules,  depending  on  infiltration  of  the  papillary 
layer  of  the  skin — eczema  papulosum. 

In  cases  where  the  irritation  is  more  violent,  there  is  partial  necrosis 

of  the  epidermis,  and  vesicles  form  in  the  manner  already  described  

eczema  vesiculosum. 

A  greater  degree  of  inflammation  will  convert  the  vesicles  into  pus- 
tules— eczema  pustulosum. 

In  the  two  forms  last  mentioned  there  are  often  crusts  formed, 
and  sometimes,  without  any  considerable  formation  of  vesicles,  scales 
and  crusts  form,  so  that  the  eczema  is  nearly  dry  and  the  surface  scaly 
—eczema  squamosum.  On  the  other  hand  the  vesicles  may  break,  and 
as  fresh  exudation  passes  to  the  surface  there  may  be  a  continual  dis- 
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charge—ECZEMA  madidans.    The  surface  thus  exposed  is  often  ver}' 
red  and  infiltrated,  so  the  name  eczema  rubrum  is  given. 

These  forms  are  not  to  l^e  rigidly  distinguished,  and  several  of  them 
may  be  present  in  the  same  case,  there  being  papules,  vesicles,  pustules, 
crusts,  and  a  weeping  surface  represented  on  the  same  patch. 

In  what  has  gone  before  the  conditions  referred  to  have  been  chiefly 
those  in  sub-acute  eczema.  When  the  disease  becomes  chronic  there  are 
more  permanent  changes  which  may  be  compared  to  those  in  catanli  of 
mucous  membranes.  The  inflamed  surface  usually  keeps  on  discharging 
serous  fluid,  not  always  to  the  same  extent.  The  epidermis  is  softened, 
and,  to  a  considerable  extent,  lost,  so  that  the  cutis  is  exposed  or 
covered  with  irregular  crusts.  The  cutis  itself  is  red  and  it  is  thick- 
ened both  by  the  serous  exudation  and  by  accumulation  of  round  cells. 
The  skin,  in  fact,  shows  more  or  less  the  characters  of  a  chronic  inflam- 
mation with  the  usual  new-formation  of  connective  tissue. 

When  the  inflammation  subsides,  there  is,  in  the  milder  forms,  a 
complete  restoration.  But  where  considerable  infiltration  of  the  skin 
has  occurred  there  may  be  a  very  imperfect  restoration  of  the  papillae, 
the  skin,  as  a  whole,  having  somewhat  of  a  cicatricial  character.  Hence 
the  smooth  homogeneous  appearance  sometimes  presented.  The  part 
is  also  not  infrequently  the  seat  of  pigmentation. 

(3)  Psoriasis. — The  nature  of  the  irritant  is  in  this  case  quite  un- 
known, but  it  is  i^robably  to  be  found  in  some  special  condition  of  the 
blood.  We  know,  at  least,  that  remedies  introduced  into  the  blood 
(arsenic,  and,  according  to  Napier,  chrysophanic  acid  administered  inter- 
nally) frequently  cure  the  disease. 

The  lesion  is  mainly  of  the  epidermis,  and  especially  of  its  Malpighian 
layer.  The  papillary  layer  of  the  cutis  is  hypersemic  and  partly  infil- 
trated with  leucocytes ;  the  papillse  are  also  described  as  enlarged,  but 
these  alterations  are  comparatively  trifling,  as,  after  death,  very  little 
indication  of  them  is  to  be  found.  During  life  the  hypersemia  gives  the 
corium  a  red  colour.  In  the  middle  regions  of  the  Malpighian  layer  of 
the  epidermis  there  is  an  abundant  new-formation  of  epidermic  cells. 
This  new-formation  is  so  great  that  there  is  no  time  for  the  cells  to 
become  horny  before  they  pass  to  the  surface.  Hence  the  epidermis 
on  the  patch  is  entirely  composed  of  Malpighian  layer,  and,  these  cells 
being  soft,  they  adhere  as  they  dry  much  more  readily  into  consider- 
able scales  than  the  horny  cells  do.  For  a  similar  reason,  as  they  dry 
they  shrink  much  more  than  the  horny  cells,  and  air  insinuates  itself 
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in  interstices  between  them.  It  is  the  finely  divided  air  which  gives 
the  scales  the  peculiar  silvery  appearance  characteristic  of  this  disease 
(Rindfleisch),  "When  the  scales  are  removed  the  papillary  layer  of  the 
skin  is  seen  to  be  red  and  readily  bleeds. 

(4)  Pityriasis  Rubra. — In  this  disease  we  have  a  more  or  less 
general  affection,  and  it  is  not  improbable  that  it  depends  on  a  lesion 
of  the  trophic  centres  of  the  skin.  It  is  characterized  by  an  excessive  dis- 
charge of  scales  consisting  of  masses  of  epidermic  cells.  These  scales 
pass  off  from  slightly  raised  and  reddened  surfaces,  which  in  the  earlier 
periods  are  limited  in  size,  but  extend  till  often  they  cover  nearly  the 
entire  body.  In  the  earlier  jDeriods  the  cutis  presents  little  more  than 
hypersemia  with  excess  of  leucocytes  in  its  papillary  layer,  but  when 
the  disease  has  lasted  for  some  time  there  is  thinning  of  it  with  flatten- 
ing of  the  papillae.  The  sebaceous  glands  and  hairs  as  well  as  the 
sweat  glands,  are  usually  atrophied.  There  is  often  a  very  excessive 
discharge  of  epidermis,  and  the  disease  may  lead  by  debility  and 
marasmus  to  a  fatal  issue. 

(5)  Lichen  Ruber. — The  designation  lichen  is  frequently  used  to 
denote  a  simple  papular  eruption,  and  in  this  sense  lichen  simplex  is 
nothing  but  eczema  papulosum.  Lichen  ruber,  on  the  other  hand,  is  a 
diffused  papular  eruption,  depending  like  pityriasis  rubra  on  some  ob- 
scure general  cause.  There  is  an  inflammation  of  the  skin,  generally 
beginning  in  patches,  but  sometimes  extending  till  nearly  the  entire 
body  is  covered.  There  are  individual  red  papules  on  a  red  basis.  As 
the  disease  goes  on  the  skin  gets  infiltrated  and  thickened,  so  that  the 
movements  of  the  joints  are  hindered,  and  fissures  are  formed  at  the 
folds  of  the  skin.  On  the  face  the  lines  of  expression  are  obliterated. 
The  nails  are  usually  thickened.  In  its  details  the  disease  seems  to 
consist  in  an  inflammatory  infiltration  of  the  paj^illary  layer  of  the  cutis 
and  the  Malpighian  layer  of  the  epidermis.  The  cells  of  the  rete  Malpighii 
are  enlarged  and  increased  in  number,  and  the  interpapillary  processes 
are  enlarged.  The  papillte  show  abundant  accumulation  of  round  cells, 
especially  around  the  vessels.  There  is  often  accumulation  of  epidermic 
cells  in  the  hair-follicles. 

(6)  Prurigo.— This  also  is  a  diffused  affection  of  the  skin,  which 
somewhat  resembles  urticaria,  except  that  it  is  more  permanent.  Like 
urticaria  it  seems  to  depend  on  some  condition  of  the  nervous  system, 


854 


DISEASES  OF  THE  SKIN  AND  ITS  APPENDAGES. 


induced  especially  among  children  by  neglect  of  sanitary  conditions  and 
defective  nutrition.  Numerous  small  papules  appear  on  the  skin  and 
they  are  intensely  itchy.  The  jjapules  are  due  to  an  inflammatory 
thickening  of  the  papillae  and  rete  Malpighii.  There  are  round  cells 
and  a  serous  fluid  exuded,  so  that  when  the  head  of  the  papule  is  re 
moved  by  scratching  a  drop  of  fluid  appears.  The  papules  are  often  in- 
duced to  bleed  by  scratching,  and  it  is  probably  from  this  that  they 
frequently  leave  a  brown  stain.  The  irritation  produced  by  scratching 
may  also  lead  to  eczema. 

(7)  Pemphigus. — This  condition  is  characterized  by  the  forma- 
tion of  large  vesicles  or  bullae  filled  with  fluid,  which  is  at  first  clear, 
but  usually  becomes  more  or  less  purulent.  As  the  bullae  usually  occur 
at  intervals  over  a  considerable  surface,  the  disease  is  to  be  ascribed  to 
some  general  cause,  and  in  some  acute  cases  the  existence  of  an 
irritant  in  the  blood  is  suspected.  There  arise  at  first  patches  of  a  red 
colour  and  slightly  raised.  The  epidermis  is  then  separated  from  the 
cutis  by  fluid  accumulating  beneath  it.  There  is  not  here,  as  in  small- 
pox, an  exudation  among  the  cells  of  the  Malpighian  layer,  but  for  the 
most  part  the  whole  epidermis  is  raised,  and  the  bleb  is  not  divided  by 
septa  into  loculi.  If  the  bleb  remain  unruptured  a  layer  of  epidermis 
forms  on  the  surface  of  the  cutis.  But  if  it  burst,  then  the  exposed 
cutis  discharges  for  a  time  ;  by  and  by,  however,  a  crust  forms,  undei- 
which  the  epidermis  grows.  In  some  cases  the  blebs  are  imperfectl}- 
formed  and  neighbouring  ones  coalesce,  so  that  a  considerable  surface  is 
affected.  When  these  blebs  burst  there  is  little  tendency  to  new- 
formation  of  epidermis,  and  the  skin  continues  discharging  fluid  as 
well  as  crusts  produced  by  the  fluid  drying  in.    This  form  is  designated 

PEMPHIGUS  FOLIACEUS. 

(8)  Acne. — This  name  is  applied  to  inflammations  of  the  sebaceous 
glands  and  their  neighbourhood,  chiefly  in  connection  with  accumulation 
of  the  secretion  in  the  gland.  There  are  two  forms  in  which  the 
accumulation  of  sebum  occurs,  named  respectively  comedo  and  mihum, 
but  it  is  chiefly  in  connection  with  the  former  that  acne  occurs. 

In  COMEDO  a  sebaceous  folhcle  is  filled  with  secretion,  which  forms  a 
solid  plug  in  the  gland.  The  end  of  the  plug  presents  at  the  surface, 
and  has  a  black  or  dark  blue  colour.  It  has  been  usually  supposed 
that  this  colour  is  simply  due  to  dirt,  but  Unna  has  asserted  that  there 
is  a  true  pigment  concerned,  whose  composition  is  allied  to  that  of  ultra- 
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marine,  and  whose  colour  is  destroyed  by  aqua  regia.  The  plug  can  be 
readily  pressed  out  by  squeezing  the  skin  around  the  gland  ;  it  emerges 
as  a  worm-like  structure  with  its  dark  head.  The  plug  consists  of  shed 
epidermis  and  sebum,  with  occasionally  a  small  parasite,  the  acarus 
folliculorum. 

In  MILIUM  there  is  an  accumulation  of  the  secretion  with  closure 
of  the  orifice  of  the  gland.  The  accumulated  secretion  forms  a  rounded 
solid  globe,  which  can  be  felt  in  the  substance  of  the  skin,  but  over 
wliich  the  epidermis  passes  unbroken.  It  is,  in  fact,  a  small  retention 
cyst,  and  it  contains  the  secretion  of  the  gland  mixed  with  epidermis,  so 
that  on  cutting  into  it  a  whitish  globular  body  is  discharged.  The 
cause  of  the  closure  of  the  duct  is  obscure. 

In  acne  there  is  a  more  or  less  acute  inflammation  of  the  sebaceous 
glands,  usually  in  cormection  with  comedo.  There  is  redness  and  swelling 
around,  and  pus  is  usually  formed,  and  mingles  with  the  substance  of 
the  comedo.  Sometimes  there  is  not  a  proper  suppuration,  but  the  sub- 
stance of  the  plug  is  softened  by  the  inflammatory  exudation.  The 
inflammation  is  due  to  the  irritation  of  the  plug,  especially  when  by 
long  stagnation  it  has  become  foul. 

The  name  ACNE  MENTAGRA,  or  sycosis,  is  given  to  cases  where  there 
is  inflammation  of  the  sebaceous  glands  in  connection  with  the  hairs  of 
the  beard.  There  is  a  sycosis  of  parasitic  origin,  but  in  the  simple 
form  there  is  suppuration  in  and  around  the  hair-follicles  of  the  nature 
of  acne. 

A  more  chronic  inflammation  of  the  sebaceous  glands  of  the  face, 
with  special  hyj)er8emia  of  the  vessels  around,  has  received  the  name 
ACNE  ROSACEA.  There  is  very  little  tendency  to  suppuration,  but  great 
thickening  of  the  skin  occurs,  so  that  sometimes  there  are  large  lobul- 
ated  and  red  protuberances,  especially  on  the  nose,  on  the  surface 
of  which  many  comedones  are  seen.  This  disease  is  not  uncommon  in 
women,  especially  about  puberty  and  at  the  climacteric  period.  In  men 
it  is  often  associated  with  dissipated  habits. 

3.  TRAUMATIC  AND  NON-INFECTIVE  INFLAMMATIONS. 

(1)  Burns  and  Scalds.— We  include  here  the  lesions  produced  by 
the  application  of  excessive  heat  to  the  skin,  whether  the  heated  sub- 
stance applied  be  in  the  sohd,  liquid,  or  gaseous  form.  The  heat  acting 
as  an  irritant  damages  or  kills  the  tissue,  and  so  we  have  signs  of 
inflammation  frequently  associated  with  necrosis. 
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Burns  have  been  distinguished  into  three  degrees,  according  to  their 
intensity,  and  we  have  to  consider  the  exact  condition  of  the  skin 
in  each.  The  three  degrees  are  characterized  by  these  three  phe- 
nomena— hyperajmia,  vesication,  sloughing. 

In  the  FIRST  DEGREE  the  heat  is  only  sufficient  to  produce  a  hypei-- 
jemia  of  the  skin.  Exposure  to  the  rays  of  the  sun,  or  to  hot  wsLter  of 
a  temperature  of  100°  F.  and  upwards,  causes  such  a  relaxation  of 
the  arteries  as  to  induce  considerable  congestion.  The  inflammatorj' 
nature  of  this  hyperjemia  is  shown  by  its  continuance  for  some  time 
after  removal  of  the  cause,  and  by  the  occasional  occurrence  of  some 
cedematous  swelling  of  the  skin.  After  a  time  there  may  be  desqua- 
mation. 

The  SECOND  DEGREE  is  produced  by  the  action  of  a  temperature  of 
140°  to  185°  F.,  or  by  the  evanescent  action  of  a  still  higher  tem- 
perature. The  effect  is  to  cause  a  necrosis  with  swelling  of  the 
epidermic  cells  of  the  Malpighian  layer,  and  an  inflammatory  exuda- 
tion from  the  papillary  layer  of  the  skin.  The  changes  in  the  rete 
Malpighii  are  similar  to  those  already  described  as  occurring  in  the 
formation  of  the  small-pox  vesicle,  but  they  are  more  rapidly  produced 
and  the  layer  of  cells  is  more  homogeneously  affected.  The  exudation, 
passing  out  from  the  papillaj,  separates  the  epidermic  cells  from  the  sur- 
face of  the  papillae,  and  a  vesicle  is  thus  formed.  Usually  the  inter- 
papillary  cells  of  the  rete  Malpighii  escape  destruction,  but  when  the 
action  is  more  intense  they  also  may  be  killed.  The  inflammation  soon 
subsides,  and  from  the  remaining  cells  of  the  rete  Malpighii  new  epi- 
dermis is  reproduced  ;  there  may  be  already  a  complete  coating  of  new 
epidermis  before  the  vesicle  bursts.  But  sometimes  the  vesicle  bursts 
early,  and  the  inflamed  surface  of  the  skin  is  exposed  ;  or  nearly  the 
whole  of  the  rete  Malpighii  may  have  been  destroyed,  even  the  inter- 
papillary  processes.  In  these  cases  the  covering  over  of  the  surface 
with  epidermis  may  be  delayed,  and  the  surface  may  even  become  like 
a  granulating  wound,  discharging  pus. 

In  the  THIRD  DEGREE  there  is  necrosis  not  only  of  the  epidermis  but 
of  the  true  skin  to  a  greater  or  less  depth.  The  temperature  is  over 
140°  F.,  and  if  very  high  may  have  acted  for  a  very  short  time.  As  a 
general  rule  the  necrosed  tissue  lies  as  a  dry  crust  on  the  surface.  An 
inflammatory  process  occurs  around  it,  with  exudation,  going  on  usually 
to  suppuration.  In  this  way  the  slough  is  separated,  and  a  granulating 
wound  is  left,  which  heals  in  the  usual  way,  leaving  a  cicatrix,  the 
character  of  which  varies  with  the  depth  of  the  slough. 
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Severe  burns  sometimes  lead  rapidly  to  death  with  symptoms  of 
i  collapse.    The  explanation  of  this  is  not  easy,  but  there  are  two  condi- 
1  tions  which  aifect  the  body  in  general  which  probably  are  the  chief 
j  agents.    WTien  a  part  of  the  skin  is  exposed  to  a  high  temperature,  the 
i  red  corpuscles  in  the  vessels  jDerish,  and  they  do  so  even  in  parts  where 
i  the  circulation  persists.    W  the  heat  has  acted  for  some  time,  then  the 
I  blood  in  the  vessels  may  have  been  frequently  renewed  and  large  num- 
i  bers  of  corpuscles  may  have  been  destroyed.    The  red  corpuscles  yield 
their  haemoglobin,  which,  as  we  have  seen  at  p.  11,  acts  as  a  poison. 
;  Besides  this,  the  mere  destruction  of  large  numbers  of  corpuscles  may 
seriously  interfere  with  the  respiratory  functions.    Again,  the  vessels  of 
the  skin  are  dilated  after  the  occurrence  of  the  burning.    If  the  surface 
affected  be  large  there  may  be,  as  a  result  of  this,  a  serious  loss  of  heat 
and  reduction  of  temperature  in  the  body  as  a  whole.    At  the  same 
time  the  dilatation  of  so  many  arteries  may  reduce  the  blood-pressure  to 
a  considerable  extent.    The  combined  action  of  these  conditions  seems 
to  bring  about  the  collapse  after  burns. 

If  the  person  survives  for  some  time  after  the  burning,  there  are  fre- 
quently found  inflammations  of  internal  organs,  the  lungs,  kidneys, 
iserous  membranes;  also  fatty  degeneration  of  the  heart  and  of  the 
liver.  These  are  to  be  ascribed  with  great  probabiHty  to  the  alteration 
of  the  blood. 

It  is  much  more  difficult  to  account  for  the  occurrence  of  the  duo- 
denal ULCER  after  burns.  When  several  weeks  elapse  before  death, 
"there  is  found  in  about  20  per  cent,  of  the  cases  one  or  more  ulcers, 
usually  situated  in  the  duodenum  near  the  pylorus,  but  sometimes  in 
the  pyloric  region  of  the  stomach.  It  may  be  a  superficial  hsemorrhagic 
{erosion  or  a  deeply  penetrating  ulcer. 

(2)  Frost-Bite  and  Chilblain.— These  conditions  are  produced 
by  the  action  of  excessively  low  temperatures.  We  can  distinguish 
three  degrees  here  also. 

I  The  common  chilblain  is  an  example  of  the  first  degree.  If 
portions  of  the  body  are  exposed  to  a  low  temperature  and  then  heated, 
a  chronic  or  subacute  inflammation  is  induced.  This  occurs  especially 
in  the  fingers  and  toes.  There  is  passive  hyperemia  sometimes  amount- 
ing almost  to  stasis,  so  that  the  part  has  a  livid  hue.  There  is  also 
serous  exudation,  so  that  the  part  is  swollen  and  cedematous;  there 
nay  be  red  corpuscles  as  well  as  leucocytes  in  the  exudation.  Some- 
imes  ulceration  occurs. 
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The  SECOND  DEGREE  includes  the  less  severe  cases  of  frost-biti:. 
The  skin  has  been  frozen  and  too  rapidly  thawed,  the  result  l^eing  sucli 
an  injury  to  the  tissue  as  to  cause  an  acute  inflammation.  The  epider- 
mis is  raised  in  blisters  which  often  contain  a  bloody  serum.  There 
may  even  be  sloughing  of  the  superficial  layers  of  the  cutis,  and  by  the 
separation  of  the  slough  an  indolent  ulcer  forms. 

In  the  THIRD  degree,  forming  the  MORE  severe  cases  of  frost-bite, 
there  has  been  prolonged  exposure  to  very  intense  cold.  The  conse- 
quence is  the  complete  freezing  of  part  of  the  body,  especially  in 
regions  removed  from  the  heart,  as  the  fingers  and  toes.  The  tissues 
are  stiffened  by  freezing,  and  the  blood  coagulated,  so  that  sometimes 
parts  can  be  broken  off  like  glass.  When  the  parts  are  thawed  gan- 
grene sets  in.  The  whole  frozen  part  does  not  die,  but  there  is  partial 
recovery  with  inflammation.  The  gangrenous  part  is  separated  in  the 
usual  way,  generally  with  decomposition  (moist  gangrene). 

(3)  Boil  and  Carbuncle. — These  names  are  applied  to  localized 
acute  inflammations  of  the  skin  with  partial  necrosis.  The  boil  or 
FURUNCULUS  occurs  for  the  most  part  in  persons  who  are  debilitated  or 
exhausted,  but  in  addition  to  this  we  have  to  look  for  some  local  irritant. 
The  fact  that  it  bes-ins  in  the  neighbourhood  of  a  hair-follicle  or  sebace- 
ous  gland  seems  to  suggest  that  accumulation  of  secretion  may  afford 
the  irritant.  The  boil  would  thus  be  related  to  the  acne  pustule,  the 
more  intense  inflammation  in  the  former  being  related  to  the  state  of 
the  patient.  The  inflammation  manifests  itself  in  hypersemia  and  ex- 
udation, so  that  a  localized  redness  and  swelling  are  the  result.  A 
piece  of  skin  in  the  very  centre  of  the  inflamed  area  dies,  and  a  small 
abscess  having  formed,  the  slough  is  by  degrees  discharged  along  with 
the  pus. 

The  carbuncle  or  anthrax  is  similar  in  its  general  characters  to  the 
boil,  but  a  much  larger  piece  of  skin  is  involved.  The  slough  is  there- 
fore of  much  larger  extent.  It  sometimes  happens  that  the  whole  piece 
of  skin  in  its  entire  thickness  dies  and  is  separated  as  a  dry  leathery 
slough.  More  frequently  the  necrosis  is  less  extensive  in  the  superficial 
layers,  but  more  extensive  in  the  deeper  parts,  and  the  slough  is  dis- 
charged through  numerous  small  apertures. 

(4)  Wounds  and  Excoriations.— The  phenomena  connected  with 
the  heahng  of  wounds  and  the  formation  of  granulations  have  been  con- 
sidered in  previous  pages.    When  merely  a  portion  of  the  epidermis  is 
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removed  by  an  injury,  forming  an  EXCORIATION,  it  is  restored  with  re- 
markable celerity.  The  cells  at  the  margin  and  those  of  the  deepei- 
layers  divide  and  form  new  cells  which  fill  in  the  gap.  In  the  case  of  a 
deeper  wound  the  epidermis  also  shows  great  vigour,  and  it  sometimes 
advances  beyond  the  line  of  the  other  healing  processes."  Dr.  Macewen 
has  pointed  out  to  the  author  that  the  new-formed  epidermis  may  ad- 
vance over  a  blood-clot  filling  up  a  wound.  The  epidermis  here  has  a 
remarkably  transparent  hyaline  appearance  and  is  continuous,  not  with 
the  Malpighian  layer,  but  with  the  layers  superficial  to  that.  The 
character  of  the  cells  here  and  their  transparency  suggest  that  the}- 
ma,y  be  derived  from  the  stratum  lucidum.  It  may,  indeed,  be  sug- 
gested that  this  layer  in  the  normal  skin  is  composed  of  young  epider- 
mis, and  that  the  loss  on  the  surface  is  supplied  by  new-formation  here 
and  not  in  the  Malpighian  layer. 

(5)  Ulcers. — By  this  name  we  understand  losses  of  substance  in  the 
skin  which  are  mostly  in  process  of  enlargement.  The  margin  of  the 
ulcer  is  inflamed  and  infiltrated  with  inflammatory  products.  The  en- 
largement takes  place  by  a  gradual  molecular  necrosis  of  the  inflamed 
structures,  and  it  implies  the  continuous  action  of  an  irritant.  The- 
irritant  is  mostly  an  infective  virus,  and  the  majority  of  the  ulcers  vrill 
be  again  referred  to  under  the  next  heading.  The  varicose  ulcer, 
however,  does  not  belong  to  this  category.  The  original  lesion  here  is 
a  prolonged  venous  hypersemia,  leading  to  oedema  and  infiltration  of  the 
skin.  The  nutrition  of  the  skin  is  seriously  compromised,  and  a  trivial 
external  injury  may  cause  the  epidermis  to  give  way.  The  exposed 
and  inflamed  skin  forms  granulations,  but  these  also,  from  the  persistent 
venous  engorgement,  are  readily  destroyed  by  slight  injuries,  and  the 
ulcer  advances,  while  the  inflammatory  infiltration  of  the  skin  outside 
extends.  The  granulations  Avill  only  proceed  to  healing  in  the  usual 
way  when  the  venous  hyperaemia  is  removed. 

In  the  case  of  infective  ulcers  there  is  also  usually  a  granulating 
surface  which  is  gradually  destroyed  by  the  action  of  the  virus.  When 
the  virus  has  been  destroyed,  then  the  ulcer  proceeds  to  healing  like  a 
granulating  wound. 


4.  INFECTIVE  INFLAMMATIONS. 

We  include  here  those  forms  of  inflammation  of  the  skin  which  can 
be  traced  to  the  action  of  specific  viruses.   The  syphilitic  inflammation.s. 
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might  be  considered  here,  but  they  will  be  taken  up  afterwards  by 
themselves. 

(1)  Lesions  from  Cadaveric  Poisons.— In  the  juices  of  the  dead 
l)ody  when  in  process  of  decomposition,  there  are  innumerable  bacteria 
of  different  kinds.  Some  of  these  may  attack  the  skin  of  the  dissector 
or  pathologist,  and  find  a  lodgement  there.  The  organisms  themselves 
are  of  very  various  degrees  of  virulence.  If  the  subject  has  died  of  a 
septic  disease,  then  the  organisms  which  have  during  the  life  of  the 
patient  been  active  factors  in  the  production  of  the  disease,  may  remain 
specially  virulent  after  death.  The  fluid  in  the  abdomen  after  septic 
peritonitis,  such  as  that  which  occurs  in  one  form  of  puerperal  fever, 
teems  with  micrococci,  and  this  fluid  is  peculiarly  virulent  Avhen  appHed 
to  the  skin.    So  is  it  also  with  septic  pleurisy,  etc. 

Besides  degrees  of  activity  in  the  virus,  there  are  various  degrees  in 
the  susceptibiHty  of  diff"erent  persons,  and  of  the  same  person  at  dif- 
ferent times.  The  frequent  exposure  to  the  cadaveric  viruses  creates  a 
•certain  immunity,  so  that  a  person  will  be  more  secure  against  them 
when  frequently  engaged  in  post-mortem  work  than  when  making  only 
an  occasional  examination.  A  state  of  exhaustion  of  the  body  renders 
one  much  more  susceptible,  and  makes  the  inroads  of  the  virus  when 
once  implanted  more  vigorous  than  when  in  ordinar}^  health.  The  in- 
ference from  this  is,  that  the  best  treatment  for  this  condition  is  to 
leave  off  work  and  at  once  seek  rest  and  fresh  air. 

The  virus  very  often  finds  access  to  the  skin  without  any  breach  of 
surface.  When  a  wound  is  made  during  dissection  it  is  usually  washed 
thoroughly  and  sucked,  while  bleeding  is  encouraged ;  in  this  way  the 
virus  may  be  washed  away.  But  if  it  gets  into  the  hair-follicles  or 
sweat  glands  it  may  lodge  and  multiply  undisturbed. 

The  immediate  effects  are  usually  an  acute  localized  inflammation  of 
the  skin,  resulting  in  the  formation  of  a  small  PUSTULE.  The  virus 
may  have  attacked  at  several  points,  and  there  is  a  crop  of  pustules, 
usually  on  the  back  of  the  hand  or  forearm  where  the  epidermis  is  thin, 
the  left  hand  being  more  frequently  affected  than  the  right,  as  it  is 
most  frequently  exposed  in  sejiarating  and  holding  the  organs.  In 
many  cases  nothing  more  than  the  pustules  is  produced,  and  in  the 
case  of  the  regular  pathologist  a  crop  of  pustules  in  the  spring  may  be 
his  annual  experience.  The  pus  contains  micrococci,  some  of  them 
free,  but  some  in  the  substance  of  the  pus  corpuscles  (see  Fig.  331). 

Sometimes,  however,  there  are  more  severe  local  effects,  and  some- 
times the  virus  travels  farthei  inwards.     Instead  of  dying  away,  the 
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pustule,  after  partially  disappearing,  sometimes  leads  to  an  acute  inflam- 
mation in  a  larger  area  around,  so  that  a  boil  is  the  result.  The 
inflammation  is  often  so  acute  as  to  lead 
to  a  necrosis  of  a  piece  of  skin,  so  that 
suppuration  is  set  up  and  a  slough  is 
ultimately  discharged.  In  this  case  there 
is  a  cicatrix  left  when  healing  occurs.  In 

,1  ...        1.1        1  ni      Fiff.  331. — Pvjs  corpuscles  with  micro- 

other  cases    it    IS    Wnat    JtiaS    been   Caliea   cocci  in  them  from  a  cadaveric  pustule. 

a  blind  boil  which  develops  after  the  ^ 

pustule.  There  is  a  more  chronic  inflammation  of  the  skin  with  con- 
siderable thickening  and  elevation.  The  surface  of  these  elevations  is 
often  irregular  and  somewhat  warty  in  appearance — the  pathological 
WART.  These,  however,  not  infrequently  develop  without  a  previous 
pustule,  the  virus  acting  shghtly  but  continuously  from  the  first.  In 
all  these  cases  the  forces  of  the  tissues  seem  sufficient  to  keep  the  virus 
local,  although  there  may  be  some  general  disturbance  of  the  body, 
perhaps  from  the  absorption  of  the  products.  v 

In  some  cases,  however,  the  virus  propagates  itself  upwards  to- 
wards the  trunk.  It  may  be  that  an  erysipelas  starts  from  the  local 
inflammation,  extending  upwards  along  the  lymph  spaces  of  the  skin. 
In  other  cases  the  axillary  glands  become  inflamed  without  any  inter- 
vening lesions,  the  virus  passing  up  the  vessels  and  only  producing 
mischief  after  lodging  in  the  glands.  Here  suppuration  is  common. 
An  inflammation  of  the  skin  resembling  erysipelas  may  spread  from  the 
glands,  as  the  virus,  checked  in  its  upward  course  towards  the  trunk  by 
the  gland,  passes  outwards  to  the  lymph  spaces  around.  This  course 
of  events  is  shown  in  the  exquisite  account  which  Paget  has  given  of  his 
own  case  in  his  Clinical  Lectures  and  Essays.  The  inflammation  may 
travel  along  the  connective  tissue  of  the  skin  and  subcutaneous  tissue, 
and  may  even  reach  the  pleura.  In  the  skin  its  effects  may  be  very 
severe,  resulting  in  sloughing  and  profuse  suppuration  like  that  in 
erysipelas.    It  may  even  lead  to  septic  infection  or  pysemia. 

(2)  Erysipelas. — This  is  an  acute  infective  inflammation  of  the 
skin.  The  virus  depends  on  bacteria  in  the  form  of  micrococci  which 
extend  more  or  less  abundantly  in  the  lymph  spaces  and  vessels  of  the 
skin  (see  Fig.  332)  and  subcutaneous  tissue.  The  result  is  a  more 
or  less  severe  inflammation.  At  first  there  is  an  inflammatory  hyper- 
semia,  which  advances  as  the  virus  propagates  along  the  lymph  spaces. 
This,  with  a  moderate  exudation  of  fluid  and  leucocytes,  may  be  all  the 
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phenomena.  But  sometimes  there  is  much  more  intense  inflammation 
ihe  skm  IS  rufiltrated  with  leucocytes  to  such  an  extent  that  it  is 

softened  and  opened  out 
with  pus.  The  epidermis 
is  raised  by  exudation  so 
that  vesicles  or  pustules 
are  formed.  Sometimes 
the  lymph  spaces  are  oc- 
cupied with  fibrine.  Be- 
sides suppuration,  there  is 
often  necrosis  of  portions 
of  the  skin  so  that  sloughs 
^^^f  are  separated  with  the  pus. 


Fig.  332.  —  From  the  skin  in  a  case  of  erysipelas.  The 
npper  illustration  shows  a  lymphatic  vessel  at  the  border  t?t  AmmattHMC! 
of  a  sebaceous  gland,  filled  with  micrococci.     The  lower  ^  ^-'^^"^'■^'■^  ^ ' 
shows  a  straight  vessel  similarly  filled,    x  350. 


(3)  Phlegmonous  In- 
These 

have  very  much  the  char- 
acters of  the  severer  forms  of  erysipelas,  for  which,  indeed,  the 
name  phlegmonous  erysipelas  is  used.  The  term  phlegmonous  is 
applied  to  inflammations  of  the  skin  of  a  very  acute  character,  associ- 
ated with  sloughing.  Such  inflammations  may  be  produced  directly  by 
the  presence  of  virulent  decomposing  material  in  the  skin  and  sub- 
cutaneous tissue,  as  where  urine  is  extravasated  and  decomposed.  But 
the  condition  may  be  more  directly  allied  to  erysipelas,  depending  on 
the  gradual  extension  of  micrococci  in  the  lymph  spaces.  This  occurs 
mostly  around  septic  wounds,  and  may  be  followed  by  abscesses  at 
some  distance  from  the  wounds. 

Sometimes  the  virus  is  of  such  an  intense  nature  that  gangrene 
rapidly  develops,  being  preceded  only  by  an  oedema.  To  this  condition 
the  name  malignant  cedema  is  sometimes  given. 

(4)  Splenic  Fever  or  Anthrax. — This  disease,  as  we  have  seen, 
depends  on  a  special  bacillus.  There  is  usually  a  local  affection  to  begin 
with,  and  the  disease  may  remain  local.  The  local  affection  has  the 
characters  of  a  phlegmonous  inflammation  of  the  skin  and  subcutaneous 
tissue.  Sometimes  the  appearances  of  malignant  oedema  are  produced. 
From  these  local  manifestations  the  condition  is  sometimes  called 
MALIGNANT  PUSTULE.  As  a  general  rule  the  bacillus  penetrates  to  the 
blood,  and  the  patient  dies  from  the  general  specific  fever. 
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(5)  Infective  Tumours.— Of  these,  lupus,  leprosy,  and  glanders 
have  been  sufficiently  described  in  the  general  part  of  this  work. 
SyphiHtic  diseases  will  receive  special  description  in  the  next  section. 

The  name  Framb(ESIA  is  given  to  a  disease  which  evidently  depends 
on  a  virus  Avhich  acts  on  the  skin.  There  are  prominent  irregular 
swellings/ produced  which  have  the  general  appearance  of  exuberant 
granulations.  These  have  been  compared  in  appearance  to  strawberries 
and  raspberries.  The  local  names  yaws  (African  for  raspberry)  and 
PiAN  (mulberry)  also  suggest  these  resemblances.     The  disease  is 


/^x^r  xU^'~rN 


^Sed^^'rh^flZ^f  ^'r'"      f/'""b(Bsia  from  a  part  where  the  disease  was  not  very  far  ad- 

endemic  in  the  West  Indies  and  Africa ;  it  also  occurs  in  Peru,  where  it 
is  called  verruga.    It  is  contagious,  and  in  many  respects  so  much  re- 
sembles syphihs  that  some  authors  have  regarded  it  as  the  same  disease. 
It  begins  as  a  small  raised  spot,  usually  on  the  face,  on  the  upper  or 
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lower  extremities,  or  near  the  organs  of  generation.  Tlie  spot  enlarges 
and  gradually  assumes  the  red  irregular  appearance  which  has  suggested 
Its  names.  It  may  continue  for  months  or  years,  and,  neighbouring 
areas  coalescing,  it  may  affect  a  large  portion  of  the  cutaneous  surface.^ 
The  structure  of  these  growths  closely  resembles  that  of  the 
syphilitic  chancre,  as  may  be  seen  by  comparing  Fig.  333  with  Fig.  48, 
p.  149.  The  cutis  is  converted  into  granulation  tissue,  whose  bulky 
masses  form  the  irregular  prominences  characteristic  of  the  disease. 
The  epidermis  may  be  continuous  over  even  the  most  prominent  of 
these  masses  (see  figure),  and  may  even  be  exaggerated;  but  the 
horny  layer  is  lost  and  the  soft  Malpighian  layer  alone  remains.  The 
epidermis  may  give  way,  and  an  ulcer  form,  from  which  a  thin  fluid  is 
discharged,  not  usually  a  true  pus. 


SYPHILITIC  LESIONS  OF  THE  SKIN. 

In  the  first  part  of  this  work  it  has  been  sufficiently  indicated  that 
syphilis  depends  on  a  virus,  and  that  the  various  manifestations  in  the 
skin  are  the  results  of  the  action  of  this  virus.  In  regard  to  these 
lesions  it  has  been  stated  that  they  are  either  simply  inflammatory,  or 
that  they  have  the  characters  of  the  gumma,  forming  in  the  latter  case 
more  or  less  definite  tumours  composed  of  granulation  tissue.  Even 
the  purely  inflammatory  lesions  have  a  tendency,  when  they  have 
persisted  long,  to  present  considerable  new-formation  of  granulation 
tissue.  The  syphilitic  lesions  of  the  skin  may  be  divided  into  the 
primary,  secondary,  and  tertiary. 

1.  The  HARD  CHANCRE  has  been  already  sufficiently  considered  at 
p.  149,  and  its  structure  is  illustrated  in  Fig.  48,  p.  149. 

2.  Syphilitic  Skin  Eruptions. — We  may,  under  this  heading, 
group  together  the  various  secondary  manifestations.  It  is  to  be  re- 
membered that  here  the  virus  is  in  the  blood,  and  that,  as  a  rule,  the 
manifestations  occur  over  the  skin  as  a  whole,  although  circumstances 
may  determine  a  certain  local  selection.  The  eruptions  are  for  the 
most  part  symmetrical,  and  they  present  a  peculiar  tendency  to  occur 
in  round  patches.  These  patches,  by  healing  in  the  centres  and  ex- 
tending at  the  periphery,  frequently  assume  a  circular  or  serpiginous 
shape. 
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'         The  sj'philitic  eruptions  of  the  secondary  stage  are  somewhat  similar 
in  character  to  the  simple  inflammatory  eruptions,  and  they  are  com- 
monly designated  by  similar  names.    There  is,  however,  more  tendency 
in  the  syphihdes  to  the  development  of  granulation  tissue  in  the  skin,, 
and  hence  the  papuliar  forms  of  eruption  are  more  frequent.  The 
syphilitic  eruptions  present  very  various  characters,  and  there  is  no 
form  which  is  constantly  present  at  a  particular  stage.    In  the  earliest 
i    periods  there  is  usually  a  generalized  hypertemia  of  the  skin  (syphilitic 
ERYTHEMA  or  ROSEOLA).    A  more  local  development  of  elevated  papules, 
.  generally  in  groups,  constitutes  the  syphilitic  lichen.  In  these  papules,. 
I    the  corium,  especially  its  superficial  layers,  and  to  a  certain  extent  the 
j    epidermis,  are  infiltrated  with  round  cells ;  generally  there  is  desqua- 
i    mation  of  epidermis,  and  this  is  sometimes  very  prominent.  Occurring 
i    in  the  palms  of  the  hands  and  soles  of  the  feet  this  desquamation  is  so 
characteristic  as  to  give  rise  to  the  designation  syphilitic  psoriasis, 
the  jDapules  after  a  time  coalescing  and  so  merely  producing  a  generally 

Ij    raised  surface, 
j        The  Condyloma  (plaque  muqueiise,  mucous  tubercle)  is  a  further  de- 
I   velopment  of  the  pajDule.    It  occurs  usually  in  situations  where  two 
surfaces  of  the  skin  are  in  contact  and  are  thus  kept  moist,  as  in  the 
neighbourhood  of  the  genital  organs,  in  the  axilla,  beneath  the  mamma, 
etc.    We  have  here  a  very  marked  and  extensive  infiltration  of  the 
:    papillary  layer  of  the  skin  with  round  cells,  so  that  an  elevated  surface 
is  formed.    Sometimes  there  is  a  special  elongation  of  the  papillge  so 
that  a  warty  surface  is  produced,  giving  rise  to  the  pointed  condyloma. 
Sometimes  the  condyloma  breaks  down  on  the  surface  and  an  ulcer  forms. 
The  syphilitic  papules  sometimes  develop  into  pustules  or  vesicles. 
i(l  The  pustule  forms  by  the  epidermis  being  raised  from  the  surface,  while 
a  fluid  inflammatory  exudation  occurs  between  it  and  the  corium,  which 
latter  remains  infiltrated  with  round  cells.    The  pustule  or  vesicle  and  its 
|i  infiltrated  basis  may  enlarge  so  as  to  j^roduce  a  broad  bleb  on  a  red  raised 
base  (SYPHILITIC  pemphigus).    The  blebs  often  dry  in  and  form  raised 
crusts  (rupia).    In  these  cases  the  pustules  are  as  if  on  the  surface  of 
condylomata.    This  is  still  more  the  case  in  pemphigus  neonatorum, 
which  is  one  of  the  manifestations  of  hereditary  syphilis.    Here  the 
corium  is  affected  somewhat  as  in  the  condyloma,  but  the  infiltration 
has  more  the  characters  of  granulation  tissue.    In  the  condyloma  the 
structure  of  the  skin  remains  to  a  great  extent,  but  it  is  infiltrated  with 
round  cells  which  are  mostly  leucocytes.    In  pemphigus  neonatorum, 
however,  the  tissue  is  replaced  by  a  vascular  tissue  in  which  are  man^' 
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large  cells,  the  condition  approaching  to  that  of  the  gumma.  On  the 
surface  of  this  the  epidermis  is  raised,  forming  a  vesicle  or  pustule. 

The  Gumma.— This  is  not  of  very  common  occurrence,  and  is,  as 
we  have  seen,  a  special  tertiary  manifestation.  It  begins  as  a  hard 
swelling  in  the  cutis.  It  increases  in  size  and  raises  the  surface,  some- 
times forming  a  tumour  of  considerable  dimensions.  It  is  peculiarly 
prone  to  ulcerate,  and  after  ulceration  has  occurred  it  may  go  on  ex- 
tending, the  infiltrated  edges  gradually  giving  way.  The  structure  of 
the  gumma  has  been  described  and  illustrated  at  p.  151. 


TROPHO-NEUROSES  OF  THE  SKIN. 

We  include  under  this  heading  lesions  of  the  skin  in  which,  by 
reason  of  disease  of  the  nervous  system,  such  changes  occur  in  the 
nutritive  processes  as  to  lead  to  definite  anatomical  results.  The  exist- 
ence of  separate  trophic  nerves  for  the  skin  has  not  been  anatomically 
demonstrated.  But  there  are  evidences,  especially  in  pathological  pro- 
cesses, that  trophic  centres  exist,  and  that  fibres  convey  impulses  of 
this  kind  to  the  cutaneous  surface.  The  ganglia  of  the  posterior  roots 
of  the  spinal  nerves  and  the  similar  Gasserian  ganglion  seem  to  contain 
trophic  centres,  and  the  trophic  fibres  are  either  identical  with  the  sen- 
sory ones  or  run  along  with  them. 

(1)  Herpes. — This  disease  is  typically  of  nervous  origin.  It  is  com- 
monly accompanied  by  neuralgia,  and  in  its  site  it  nearly  always 
follows  the  distribution  of  a  single  nerve  stem.  It  appears,  for  instance, 
in  the  course  of  an  intercostal  nerve,  or  occuj)ies  one  side  of  the  face  in 
the  area  of  distribution  of  the  fifth. 

The  eruption  in  the  skin  is  in  the  form  of  vesicles  which  somewhat 
rapidly  pass  through  a  series  of  changes.  There  is  first  a  group  of 
slight  elevations  occupying  a  reddened  patch  of  skin,  and  each  of  these 
rapidly  develops  a  vesicle ;  in  a  few  days  the  A^esicle  dries  up  into  a 
crust,  under  which  fresh  epidermis  is  formed.  In  its  details  the  erup- 
tion is  inflammatory.  There  is  hypersemia  and  oedema  of  the  papillary 
layer  of  the  skin.  The  serous  exudation  collects  in  the  Malpighian 
layer  of  the  epidermis,  separating  its  cells  just  as  in  the  case  of  the 
small-pox  eruption.  The  vesicle  is  divided  by  a  network  composed  of 
the  elongated  and  contorted  epidermic  cells,  which  often  present  clear 
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!  spaces  or  vacuoles  in  their  substance.  In  the  serous  contents  of  the 
j  vesicles  there  are  leucocytes,  and  these  may  accumulate  till  the  fluid 
i  approaches  to  the  nature  of  pus.  The  papillary  layer  is  also  frequently 
I  the  seat  of  infiltration  with  round  cells.  Occasionally  there  is  hsemor- 
<  rhage,  and  the  papillary  layer  of  the  skin  may  be  destroyed,  so  that 
:  when  healing  occurs  by  granulation  a  cicatrix  may  be  the  result. 

The  nervous  origin  of  herpes  has  been  abundantly  established. 
Direct  injury  to  a  nerve,  as  by  a  gunshot  or  other  wound,  may  cause  it. 
It  is  to  be  presumed  that,  in  this  case,  the  inflammatory  process  in  the 
'  wound  irritates  the  nerve,  and  the  cutaneous  inflammation  may  be  re- 
I  garded  as  due  to  the  irritation  of  trophic  fibres.    Sj)ontaneous  herpes, 
i  and  especially  herpes  zoster,  has  been  found  associated  with  inflamma- 
tions of  the  intervertebral  or  Gasserian  ganglia,  but  it  has  been  ques- 
tioned whether  the  trophic  centres  have  actually  their  seat  there. 

The  herpetic  eruption  may  arise  from  disease  of  the  spinal  cord  and 
brain.  In  the  case  of  the  cord  it  is  chiefly  in  locomotor  ataxia  that  we 
meet  with  herpes,  and  the  eruption  is  accompanied  by  the  severe  pains 
characteristic  of  that  disease.  We  know  that  in  locomotor  ataxia  it  is 
j  the  posterior  columns  of  the  cord  that  are  aff'ected,  and  this  would  in- 
dicate that  the  cutaneous  trophic-centres  or  fibres  run  in  these  parts, 
while  the  coincidence  of  neuralgic  pains  also  indicates  a  sensory 
locality.  It  is  here  again  to  be  presumed  that  the  lesion  producing  the 
herpes  is  an  irritative  one  as  indicated  by  the  violent  coincident  pains. 

But  we  may  have  herpetic  eruptions  from  disease  in  the  brain. 
There  are  cases  recorded  in  which  one  half  of  the  body  was  aff"ected, 
j  and  in  some  of  these  there  was  a  hemiplegia  due  to  a  coarse  lesion 
j  in  the  brain.  It  is  clear  that  there  must  be  trophic  fibres  and  centres  in 
I  the  brain  as  well  as  in  the  cord,  and  their  irritation  may  lead  to  herpes. 
!  There  are  also  a  few  cases  on  record  of  universal  or  nearly  universal 
I  herpes,  as  if  a  general  centre  for  the  whole  body  were  irritated. 

(2)  Glossy  Skin. — This  name  was  applied  by  Paget  to  a  condition 
which  he  observed  in  connection  with  injuries  or  wounds  of  the  nerves. 
There  is  here  again  indication  of  irritation  of  the  nerves,  as  there  is 
always  neuralgic  pain,  described  by  Mitchell  as  burning  pain.  The 
I  condition  also  occurs  sometimes  after  an  attack  of  herpes  (Paget),  and 
it  may  be  associated  with  eczema.  It  may  also  follow  disease  of  the 
spinal  cord  (Mitchell), 

The  disease  occurs  mainly  in  the  hand,  and  especially  in  the  fingers. 
The  affected  fingers  "are  usually  tapering,  smooth,  hairless,  almost 
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devoid  of  wrinkles,  glossy,  pink  or  ruddy,  or  blotched  as  if  with 
permanent  chilblains"  (Paget).  The  most  striking  peculiarity  is  the 
shining,  glossy  appearance  of  the  surface  as  if  it  had  ])een  varnished. 
The  comparison  to  chilblains  is  usually  applicable,  but  sometimes  the 
appearance  is  rather  that  of  highly  polished  scars,  and  the  condition 
resembles  that  in  morphoBa.  In  the  affected  part  the  hairs  mostly  dis- 
appear, and  the  nails  undergo  peculiar  changes.  The  latter  become 
greatly  curved,  much  more  than  in  cases  of  phthisis,  while  the  skin  at 
the  root  of  the  nail  becomes  retracted,  leaving  the  sensitive  matrix 
partly  exposed.  The  disease  affects  mainly  the  fingers  and  toes,  but  it 
may  extend  to  the  palm  of  the  hand  or  the  dorsum  of  the  foot.  The 
histological  details  in  this  condition  are  unknown. 

(3)  MoRPHCEA  AND  SCLERODERMA.— These  names  are  applied  to 
denote  conditions  which  are  sometimes  regarded  as  of  a  different 
nature,  but  the  presumption  is  that  they  are  virtually  the  same  disease. 

The  nervous  origin  of  the  disease  has  been  brought  prominently  for- 
ward by  Hutchinson  on  the  ground  that  it  usually  occurs  in  defined 
patches,  often  distinctly  following  the  distribution  of  particular  nerves. 
But  sometimes  the  disease  is  more  extensive,  and  it  may  be  almost 
universal.  The  same  may  be  said,  however,  as  regards  herpes,  and  it 
does  not  invalidate  the  sujjposition  of  its  nervous  origin. 

When  the  disease  is  in  the  form  of  patches  it  is  often  described  as 
MORPHCEA  or  Addison's  keloid.  The  patches  have  the  characters  of 
induration  and  stiffening  of  the  skin ;  they  are  mostly  white  and  ivory- 
like, but  may  have  a  yellowish  or  mottled  appearance.  The  greatest 
peculiarit}'-  is  the  hardness,  as  if  the  skin  were  frozen.  The  skin  is 
sometimes  bound  down  to  the  parts  beneath,  the  induration  extending 
to  the  subcutaneous  tissue,  and  even  deeper,  and  in  that  case  there 
may  be  considerable  interference  with  motion  and  even  deformity  of 
limbs  from  contraction  of  the  skin. 

In  the  more  diffuse  form  of  scleroderma  proper,  extensive  tracts  of 
skin  are  sometimes  involved,  such  as  the  greater  part  of  the  face,  the 
arms,  etc.    In  observed  by  the  author,  the  face,  chest  and  both 

forearms  and  hands  were  affected,  and  dry  gangrene  had  occurred  in 
the  fingers,  which  had  a  stiff  black  appearance. 

In  its  anatomical  details  the  skin  presents  characters  which  may  be 
summarized  as  atrophy  with  chronic  inflammation.  The  papilla3 
are  mostly  flattened,  and  the  cutis  thinner  than  normal,  but  it  is 
composed  of  more  homogeneous  connective  tissue  than  usual,  having 
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somewhat  the  characters  of  cicatricial  tissue,  and  less  fibrous  than  that 
of  the  normal  skin.  This  condition  extends  somewhat  to  the  sub- 
cutaneous tissue  where  the  fat  is  to  a  considerable  extent  atrophied,  ap- 
]iarently  by  the  encroachment  of  the  connective  tissue.  The  hairs  are 
also  atrophied  in  the  affected  areas,  and  there  is  said  to  be  alopecia 
when  the  patches  extend  to  the  hairy  scalp.  The  evidence  of  chronic 
inflammation  is  the  existence  of  abundant  nuclei  in  the  altered  skin. 
These  are  usually  aggregated  around  the  blood-vessels,  but  they  are 
also  seen  around  sebaceous  glands  and  under  the  rete  Mal23ighii. 

It  will  be  seen  from  the  above  that  the  changes  here  are  to  a  great 
extent  comparable  to  those  which  occur  in  muscle  after  destruction  of 
its  trophic  centres ;  there  is  atrophy  with  chronic  inflammation. 

An  endeavour  has  been  made  to  associate  this  disease  with  stasis  of 
lymph,  and  relate  it  to  elephantiasis.  Some  also  regard  it  as  allied  to 
leprosy.  We  have  already  seen  that  both  elephantiasis  and  leprosy  are 
diseases  probably  dependent  on  specific  irritants,  and  that  the}'^  are  en- 
demic in  particular  localities,  whereas  this  is  in  no  sense  true  in  regard 
to  scleroderma. 

Allied  to  scleroderma  in  the  general  characters  of  the  lesion  in  the 
skin  is  the  condition  commonly  designated  sclerema  neonatorum. 
In  this  disease  the  skin,  usually  of  the  lower  extremities,  is  hard  and 
swollen,  so  that  movement  of  the  limbs  is  curtailed.  When  it  persists 
for  some  time  the  skin  may  be  hke  parchment.  In  the  earlier  stages 
the  skin  is  oedematous,  while  in  the  later  there  is  thickening  from  new- 
formation  of  connective  tissue.  The  disease  occurs,  as  the  name  implies, 
in  new-born  children,  being  sometimes  congenital.  The  children  are 
weakly  and  usually  die  in  a  few  days. 

(4)  Bedsores. — Besides  the  ordinary  bedsores  which  occur  in  per- 
sons who  lie  long  in  one  position,  especially  when  cleanliness  is  not 
attended  to,  there  are  some  which  are  obviously  related  to  nervous 
lesions.  The  acute  decubitus  is  met  Math  in  connection  with  lesions 
of  the  spinal  cord  or  brain,  usually  in  severe  cases,  such  as  cerebral 
haemorrhage  or  injury  to  the  cord.  The  appearances  presented  in  the 
skin  are  those  of  an  acute  phlegmonous  inflammation  with  sloughing. 
At  first  there  is  simple  oedema  and  hypersemia,  but  vesication  follows  and 
deep  ulceration.  The  sloughing  may  extend  to  the  muscles,  tendons, 
etc.,  sometimes  laying  bare  the  bones.  These  acute  bedsores  imply  I 
grave  lesion  of  the  trophic  fibres,  and  there  are  indications  that  these 
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follow  the  course  of  the  sensory  fibres.  Bedsores  have  been  observed, 
for  instance,  in  unilateral  lesions  of  the  cord  where  there  was  paralysis 
of  motion  on  one  side  and  anaesthesia  on  the  other ;  in  that  case  the  bed- 
sores are  on  the  anaesthetic  side. 


HYPERTROPHIES  AND  TUMOURS  OF  THE  SKIN. 

The  Callosity  is  an  exaggeration  of  the  horny  epidermis  occurring 
where  the  parts  are  exposed  to  unusual  friction.  It  is  a  true  hyper- 
trophy, being  a  direct  provision  of  nature  to  protect  the  true  skin  from 
the  excessive  friction  to  which  it  is  exposed.  The  best  example  of  the 
callosity  is  in  the  horny  hands  of  workmen,  but  it  is  often  seen  in  the 
feet,  at  points  which  are  peculiarly  exposed  to  pressure. 

The  Corn  (clavus)  is  closely  related  to  the  callosity.  Here,  also, 
there  is  friction,  but  it  is  associated  with  comj)ression.  It  occurs 
chiefly  in  the  foot  where  there  is  a  concentric  pressure  from  ill-fitting 
boots,  and  friction  against  either  the  boot  or  a  neighbouring  toe.  There 
is,  as  in  the  former  case,  an  excessive  new-formation  of  horny  epidermis, 
but,  by  the  concentric  pressure,  the  layers  of  epidermis  have  their 
directions  changed,  and  growing  against  each  other  are  projected  inwards 
towards  the  cutis.  There  is  thus  an  ingrowing  kernel  of  hard  homy 
epidermis  which  has  given  rise  to  the  name  of  corn.  The  cutis  is 
irritated  and  undergoes  atrophy.  Around  the  kernel  the  epidermis  is 
always  thickened,  the  condition  being  like  that  of  the  callosity. 

Ichthyosis. — This  is  a  disease  which  apparently  owes  its  origin  to 
a  congenital  defect  in  the  structure  of  the  skin.  The  disease  itself  is 
sometimes  manifest  at  birth,  but  if  not  it  begins  in  the  earher  years 
of  life,  gradually  extends  over  the  whole  body,  and  continues  during 
life. 

It  consists,  anatomically,  in  an  exaggeration  of  the  horny  layer  of 
the  epidermis,  which  is  sometimes  greatly  thickened.  The  thickened 
horny  layer  forms  scales  of  larger  or  smaller  size,  sometimes  producing 
merely  a  furfuraceous  exfoliation,  but  in  more  severe  cases  giving  rise 
to  large  plates  like  fish  scales.  From  this  latter  appearance  the  name 
of  the  disease  is  derived.  The  scales  do  not  consist  entirely  of  epi- 
dermis, but  contain  sebaceous  material,  which  iss  ometimes  so  abundant 
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as  to  give  the  scales  a  jjolishecl  appearance  like  mother-of-pearl.  The 
large  scales  may  be  fixed  in  their  peripheral  or  middle  parts,  and  pro- 
ject considerably  at  their  edges,  so  as  to  give  an  imbricated  appearance. 
The  milder  forms  of  the  disease,  in  which  there  is  little  more  than  an 
excessive  scaliness  of  the  surface,  are  often  included  under  the  designa- 
tion ICHTHYOSIS  SIMPLEX  or  XERODERMA,  while  the  more  severe  forms 
in  which  there  are  prominent  scales  are  distinguished  by  the  name 

ICHTHYOSIS  CORNEA  or  ICHTHYOSIS  HYSTRIX. 

In  the  milder  forms  the  cutis  is  not  markedly  affected,  but  in  some 
cases  the  papillse  are  greatly  elongated.  The  substance  of  the  corium 
is  often  atrophied,  and  the  subcutaneous  fat  deficient. 

The  Common  Wart  may  be  variously  regarded  either  as  a  tumour 
or  a  hypertrophy  of  the  skin.  There  are  warts  which  have  distinctly 
the  characters  of  tumours,  presenting  specialities  of  structure  and 
growth  which  entitle  them  to  that  designation.  But  the  common  wart, 
consisting  for  the  most  part  of  local  exaggeration  of  the  normal  struc- 
tures and  occurring  in  numbers  in  the  same  person,  has  more  doubtfully 
the  characters  which  we  ascribe  to  a  morbid  growth.  A  group  of  papillae 
are  elongated,  and  the  epidermis  over  them  thickened,  so  that  the  char- 
acters are. those  of  a  hard  papilloma.  The  horn  is  of  similar  structure 
to  the  wart,  but  the  papillae  are  usually  more  elongated,  while  the  horny 
layer  of  the  epidermis  forms  a  more  consistent  mass  which  grows  into 
a  prominent  outgrowth. 

The  true  Keloid  is  an  elevation  of  the  skin  which  has  in  its  mar- 
ginal parts  branching  processes  extending  out.  There  is  evidently  con- 
siderable contraction  and  dragging  on  the  part  of  the  central  tumour 
and  of  the  radiating  processes,  so  that  the  skin  is  puckered  around  as 
in  the  case  of  a  contracting  cicatrix.  The  lesion  has  many  of  the  char- 
acters of  a  definite  tumour.  It  is  composed  in  the  fully  developed  state 
of  dense  connective  tissue  which  may  be  unduly  cellular.  The  new- 
formation  has  its  seat  in  the  deeper  layers  of  the  cutis,  and  it  is  stated 
that  the  papillary  layer  is  intact.  In  the  earlier  stages  it  consists 
mainly  of  spindle  cells,  and  Virchow  therefore  regarded  it  as  a  sarcoma. 
The  analogy  to  the  sarcomas  is  supported  by  the  fact  that  the  tumour 
recurs  on  removal.  The  most  common  site  of  keloid  is  the  front  or 
back  of  the  chest,  but  it  is  found  in  other  parts. 

The  name  false  keloid  is  sometimes  used  to  designate  a  condition 
which  occurs  in  scars.    A  localized  thickening,  usually  in  the  midst  of 
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a  large  cicatrix,  as  from  a  burn  or  an  ulcer,  presents  itself,  and  there 
are  i-aised  processes  passing  out  from  it  as  in  the  true  keloid. 

Soft  warts  and  pigmented  moles  (ncevi  2ngme7dosi).— These  are 
very  often  congenital,  or  they  occur  very  early  in  life,  and  usually 
remain  stationary  throughout  life.  They  are  smaller  or  larger  elevations 
of  the  skin,  either  colourless  or  pigmented,  and  frequently  beset  with 
hairs.  They  present  a  somewhat  pecuhar  structure,  especially  consider- 
ing that  they  exist  unchanged  for  many  years.  They  are  covered  l)y 
epidermis  which  shows  little  difference  from  the  normal.  But  instead 
of  the  normal  tissue  of  the  cutis  beneath  the  epidermis  there  are  masses 
of  cells  separated  by  connective  tissue.  The  cells  in  these  nests  are 
usually  large  and  resemble  epithelial  cells  or  large  sarcomatous  cells. 
The  presumption  is  that  these  structures  are  really  survivals  of  the 
foetal  condition,  and  their  importance  in  relation  to  tumours  has  already 
been  referred  to  at  p.  175.  In  their  structure  it  will  be  observed  that 
these  warts  are  much  more  like  tumours  than  the  ordinary  warts,  and 
that  their  tissue  conforms  to  that  of  the  cellular  tumours,  probably  the 
sarcomas. 

MoLLUSCUM  CONTAGIOSUM.— This  name  is  applied  to  little  growths 
of  the  skin,  occurring  chiefly  on  the  face  and  showing  a  preference  for 
the  eyelids,  but  sometimes  extending  so  as  to  be  almost  universal  over 
the  body.  It  will  be  inferred  that  the  growths  are  multiple.  The 
individual  ones  have  been  compared  to  pearl  buttons,  which  they 
resemble  in  their  circular  shape  and  central  depression,  but  they  are 
usually  pink  in  colour.  There  is  considerable  elevation  of  the  little 
growth,  and,  although  generally  sessile,  it  sometimes  becomes  peduncu- 
lated and  may  even  drop  off. 

In  the  centre  of  the  elevation  a  depression  is  visible  which  is  the 
orifice  of  a  sebaceous  gland,  and  the  tumour  consists  of  an  enlarged 
sebaceous  gland.  A  section  of  the  growth  shows  the  exaggerated 
lobules  of  the  gland,  while  within  there  is  an  irregular  ca^dty  containing 
white  sebaceous  material  which  sends  prolongations  into  the  gland 
lobules.  The  lobules  of  the  gland  consist  of  epithelium,  the  peripheral 
cells  of  which  are  cylindrical.  In  the  midst  of  the  sebaceous  material 
are  found  peculiar  glancing  bodies  compared  to  swollen  starch  granules. 

The  disease  depends  on  some  virus,  and,  as  the  name  implies,  it  is 
contagious.  It  generally  occurs  in  groups  in  the  same  person,  as  if 
spreading,  and  several  members  of  the  same  famil}^,  or  several  persons 


FIBROMA  MOLLUSCUM. 


873 


j  living  together,  are  usually  affected  simultaneously.    It  is  usually  seen 
in  children,  but  occurs  also  in  adults. 

Fibroma  molluscum. — This  condition  is  to  be  carefully  distin- 
guished from  that  just'mentioned.  We  have  here  also  multiple  growths, 
but  they  are  definite  fibrous  tumours  having  their  seat  of  origin  in  the 
cutis,  ^¥hen  small  they  may  lie  embedded  in  the  cutis,  but  as  they 
increase  in  size  they  become  prominent  and  may  finally  assume  a 
pendulous  condition.  They  are  sometimes  present  in  enormous 
numbers,  the  individual  growths  varying  in  size  from  very  small 
tumours  up  to  those  having  even  the  bulk  of  a  man's  head. 

The  epidermis  is  usually  unchanged  on  the  surface  of  the  tumour. 
•The  tumour  consists  of  connective  tissue  in  which  there  may  be  an 
excess  of  small  spindle-shaped  cells.  To  the  naked  eye  all  the  char- 
acters of  a  hard  fibroma  are  presented. 

It  appears  from  the  observations  of  Recklinghausen  that  these 
multiple  fibromas  of  the  skin  are  often  associated  with  multiple 
fibromas  of  the  nerves.  The  structure  in  the  two  cases  is  the  same, 
namely  a  soft  connective  tissue,  rather  more  cellular  than  normal. 
The  fibromas  of  the  nerves  are  often  described  as  neuromas,  but  as 
they  contain  no  new^-formed  nerve-tissue  they  are  false  neuromas. 
From  these  observations  there  seems  reason  to  suspect  that  the 
tumours  in  the  skin  have  their  origin  in  the  nerves  of  the  skin,  and 
that  they  also  are  primarily  false  neuromas.  Looking  to  this  probable 
origin  of  these  tumours  they  may  perhaps,  along  with  those  of  the 
nerves,  be  grouped  as  multiple  neurofibromas.  In  several  cases  of 
this  kind  a  distinct  hereditary  tendency  has  been  observed,  and  some 
of  the  tumours  are  often  congenital. 

Elephantiasis. — This  condition  has  been  already  described  at  p. 
181.  It  may  be  added  here  that  a  condition  somewhat  resembling 
elephantiasis  and  designated  lymph-scrotum  is  sometimes  brought 
about  by  obstruction  of  the  lymphatics.  There  is  dilatation  of  the 
lymphatics  and  formation  of  vesicles,  and  there  may  be,  after  a  time, 
a  thickening  of  the  skin,  but  without  the  attacks  of  acute  inflammation 
characteristic  of  elephantiasis.  This  condition  (which  has  been  named 
(ilephantiasis  lymphangiectodes)  is  usually  the  result  of  the  filaria  in  the 
lymphatics,  and  has  already  been  referred  to  (see  p.  296). 

Xanthoma,  or  Xanthelasma. —This  name  is  applied  to  slight 
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elevations  of  tlie  skin  of  a  yellowish  colour.  They  occur  mostly  on  the 
eyelids,  whore  they  appear  as  firm  yellow  patches,  which  are  usually 
quite  Hat,  but  may  be  slightly  tubcrculated.  They  consist  of  firm  con- 
nective tissue  in  which  finely  divided  fat  granules  are  abundantly 
present.    The  latter  give  the  opaque  yellow  character  to  the  lesion. 

Of  the  remaining  simple-tissue  tumours,  the  lipoma  is  common, 
originating  in  the  subcutaneous  tissue.  The  myxoma  is  not  infrequent, 
and  the  enchondroma  and  osteoma  very  unusual.  The  angioma  of 
the  skin  is  common  as  the  congenital  nsevus  (see  p.  199). 

Sarcoma. — This  form  of  tumour  is  of  somewhat  frequent  occurrence, 
and  we  may  have  round-celled  or  spindle-celled  growths,  which  some- 
times assume  considerable  dimensions.  We  have  already  seen  that 
sarcomas  sometimes  originate  from  soft  warts  or  moles,  and  when  they 
do  so  they  frequently  present  a  similar  structure  to  that  described 
above,  namely  masses  of  large  round  cells  in  a  stroma.  To  this  form 
the  name  alveolar  sarcoma  is  applicable.  Sarcomas  originating  from 
moles  are  peculiarly  apt  to  be  j)igmented. 

Sarcomas  rkrely  occur  as  secondary  tumours  in  the  skin,  but  a  case 
is  known  to  the  author  where  multiple  tumours  composed  of  round-celled 
tissue  formed  at  intervals  in  the  subcutaneous  tissue  and  some  of  them 
disappeared.  These  were  either  round-celled  sarcomas  or  lympho- 
sarcomas. 

Cancers. — The  epithelioma  of  the  skin  forms  the  majority  of  the 
flat-celled  epitheliomas,  and  it  has  been  already  referred  to  at  p.  224. 

In  the  skin,  two  forms  of  epithelioma  have  been  distinguished,  one 
in  which  the  cancer  cjdinders  tend  to  penetrate  deeply  into  subjacent 
structures,  and  the  other  in  which  there  is  rather  a  tendency  to  extend 
along  the  surface.  The  one  form  is  sometimes  called  infiltrating  cancer, 
the  other  flat  cancer. 

The  infiltrating  epithelial  cancer  has  its  most  familiar  seat  in  the 
lower  lip.  Beginning  as  a  slight  thickening,  it  gradually  extends,  pro- 
ducing a  knotted,  thick  appearance.  The  surface  ulcerates,  and  a  scab 
forms.  On  making  a  section  through  such  a  tumour  an  appearance  is 
presented  as  of  a  wart  growing  inwards,  and  the  material  of  Avhich  it  is 
composed  has  a  brittle,  crumbling  appearance.  Under  the  microscope, 
it  is  seen  at  the  margin  that  the  epidermis  is  growing  downwards,  the 
o'rowinff  cells  having  the  characters  of  those  of  the  rete  mucosum  (see 
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iFig.  334).  The  growth  is  in  cylinders,  and  as  it  progresses  there  seems 
to  be  a  mutual  pressure  of  the  cyhnders  causing  great  compression  of 


i  Fig.  334.— Section  of  .an  epithelioma  at  its  marginal  part.  The  epidermis  is  seen  to  be  pene- 
trating inwards  into  the  cutis.    At  a  a  small  laminated  capsule  is  indicated,    x  100. 


the  central  cells.     To  this  cause,  and  perhaps  also  to  a  tendency  to 
degeneration  on  the  part  of  the  cells,  is  due  the  formation  of  the  peculiar 
glistening  epithelial  globes,  or  laminated  capsules,  which  are  so  pro- 
;minent  in  many  cases  (Fig.  335).    These  globes  consist  of  epidermic 
I  cells  wrapped  round  a  common  centre,  and  when  they  are  disintegrated 
the  cells  may  retain  their  curved  shapes.    The  epithelial  cylinders  may 
l)enetrate  very  deeply  and  usually  cause  great  irritation,  evidenced  by 
the  presence  of  round  cells  in  the  tissue,  as  in  Fig.  336. 
I     In  the  scrotum  the  cancer  is  very  much  as  it  is  in  the  lips,  having 
the  infiltrating  character.     It  is  met  with  principally  in  chimney- 
sweepers, but  also  in  Glasgow  among  workers  in  paraffin  refineries.  At 
the  edges  of  the  scrotal  cancers  there  is  often  some  enlargement  of  the 
papillae. 

In  other  parts  of  the  skin  it  is  generally  the  flat  form  which  is  met 
with.  The  epithelioma  tends  to  spread  laterally  rather  than  deeply,  so 
that  it  may  come  to  cover  a  considerable  surface,  which  is  often  circular 
in  form,  with  raised  warty-looking  edges.    On  examining  these  edges 
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under  the  microscopo  it  is  often  seen  that  there  are  series  of  elongated 
papilljB.    The  centT-iil  parts  are  ulcerated,  hnt  even  here  there  is  an 


Fig.  335. — Parts  fi-om  an  eijithelioina.  a,  isolated  epithelial  cells  ;  6,  a  cylinder  composed  of 
■epidermis,  and  with  many  laminated,  capsules  ;  c,  a  laminated  capsule  opened  out  so  as  to  show 
the  cells  composing  it.  From  a  fresh  j)reparatiou  with  the  addition  of  dilute  acetic  acid,  x  400. 
(Billroth.) 

appearance  as  if  papillae  had  been  cut  off  at  their  bases.  Sometimes 
these  flat  cancers  apjoear  to  take  origin  in  the  sebaceous  glands,  and  to 
grow  rather  by  an  exaggeration  of  them  than  of  the  surface  epithelium. 
All  flat  cancers  of  the  skin  grow  slowly,  and  sometimes  they  cicatrize  in 
their  central  parts  while  slowly  extending  at  their  edges. 

In  the  flat  form  ulceration  very  often  overtakes  to  a  large  extent  the 
new-formation,  so  that  the  lesion  presents  itself  as  an  ulcer  with  infil- 
trated margins,  and  is  often  called  RODENT  ULCER.    Sometimes  healing 
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occurs  in  the  central  parts,  a  cicatrix  forming,  while  the  ulcer  extends 
peripherally.    At  other  times  the  ulcer  goes  on  extending.    In  these 


Fig.  336.— Portions  of  three  cylinders  of  an  epithelioma,  embedded  in  round  cells 
produced  as  a  result  of  irritation  of  the  cutis,    x  200. 


cases  with  the  ulceration  there  is  a  great  new-formation  of  inflammatory 
tissue,  and  this  may  greatly  obscure  the  epithelial  elements,  which, 
however,  are  to  be  found  in  nests  of  large  fiat  cells.  The  flat  ulcerating 
form  occurs  mostly  in  old  people,  and  does  not  usually  lead  to  second- 
ary tumours  in  the  lymphatic  glands.  The  rodent  ulcer  occurs  on  the 
face,  especially  on  the  eyelids  and  side  of  nose. 

Ordinary  cancer  is  of  rare  occurrence  in  the  skin,  but  cases  have 
been  observed  to  which  the  names  scirrhus  and  soft  cancer  have  been 
given.  Pigmented  cancers  are  of  occasional  occurrence,  and  they  are 
of  importance  on  account  of  their  tendency  to  form  secondary  tumours, 
first  in  the  lymphatic  glands  and  then  throughout  the  body.  They  are, 
however,  much  less  frequent  than  melanotic  sarcomas  with  which  they 
are  apt  to  be  confused. 
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PARASITIC  DISEASES  OF  THE  SKIN. 

We  have  already  seen  that  certain  forms  of  inflammation  are  associ- 
ated with  the  presence  of  micro-organisms,  especially  the  infective 
inflammations.  We  saw  also  that  leprosy  depends  on  a  specific  bacilluK. 
These  do  not  require  further  treatment  here. 


Fungi  are  present  in  three  forms  in  the  skin.  It  has  already  been 
indicated  that  many  are  of  opinion  that  the  same  fungus  is  at  the  basis 
of  all  three  forms,  and  that  this  fungus  is  the  oidium  lactis.  But  if 
this  be  the  case  it  seems  strange  that  the  three  varieties  keep  perfectly 
distinct,  and  when  the  diseases  are  communicated  from  person  to  person 
they  do  not  interchange. 

1.  Tinea  Favosa  or  Favus.— This  is  a  disease  chiefly  of  the  hairy 
scalp,  although  it  occurs  on  other  parts  of  the  skin  and  also  in  the  nails. 
On  the  scalp  it  forms  crusts  which  at  first  are  isolated  and  about  the 
size  of  split-peas.  They  are  circular  in  shape,  pale  yellow  in  colour, 
and  dimpled  in  the  centre  through  which  a  hair  or  hairs  generally  pass. 
AVhen  removed  the  crusts  are  usually  seen  to  be  somewhat  cup-shaped, 
the  convexity  of  the  cup  being  next  the  skin,  the  latter  presenting  a 
corresponding  depression.    If  the  cups  be  divided  with  a  knife  they 

are  seen  to  have  a  porous  ap- 
pearance, the  interstices  being- 
filled  with  air,  and  they  are 
brittle,  so  that  they  can  easily 
be  broken  down  in  water. 

The  crusts  are  formed  of  fun- 
^xV^  gus  along  with  epidermic  scales 

^^^^^^^^^^^^   n    ^"^^  their  debris.    The  fungus 

J/     is  the  ACHORION  SCHOENLEINII, 

^         '  ^^^^5-r<^       ii^       form  for  the  most  part  of 

short  tubes  (Fig.  337)  with 
rows  of  conidia  spores.  The 
proper  mycelium  is  not  jointed,  but  the  receptacula  are.  The  fun- 
gus appears  to  begin  its  growth  in  the  hair  follicles,  enveloping  the 
hair  and  passing  into  it.    It  also  passes  into  the  hair  sheath  and  epi- 


Fig.  337. — The  fungus  in  favus.  Short  threads  are 
shown.    X  350. 
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dermis  around,  separating  the  cells  and  destroying  them.  It  has  its 
seat  thus  in  the  first  instance  beneath  the  horny  layer  which  may  be 
continuous  over  it.  It  does  not  invade  the  true  skin,  but  the  crust  may 
cause  inflammation  around  it  which  may  go  on  to  suppuration  and 
ulceration.  As  a  rule,  however,  it  only  affects  the  epidermic  struc- 
tures, the  hairs  being  largely  destroyed  where  the  crusts  are  developed. 

When  it  attacks  the  nail,  it  forms  a  yellow  crust,  the  tissue  of  the 
nail  being  opened  out  and  softened  by  the  fungus  penetrating  be- 
tween the  horny  cells. 

2.  Tinea  Tonsurans. — This  is  also  a  disease  chiefly  of  the  scalp,  but 


Fig.  338.— Hair  from  tinea  tonsurans.    The  shaft  is  penetrated  and  broken  up  by  spores,    x  350. 
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the  same  fungus  attacks  the  beard  and  the  parts  of  the  body  devoid  of 
hair.  The  disease  is  therefore  divisible  into  three  forms,  tinea  ton- 
surans PROPER,  TINEA  SYCOSIS,  and  TINEA  MARGINATA. 

In  tinea  tonsurans,  or  ringworm,  there  are  circular  patches  on  the 
scalp,  in  which  the  hairs  are  short  and  small,  as  if  the  hair  had  been 
badly  cut.  The  fungus,  called  the  trichophyton  tonsurans,  is  here 
chiefly  in  the  form  of  spores  (see  Fig.  338)  which  infiltrate  the  hair  and 
its  sheath,  as  well  as,  to  a  less  extent,  the  epidermis  around.  The 
mycelium  is  only  represented  by  short  threads.  The  hair  shaft  h 
greatly  penetrated  by  the  spores,  which  break  it  up. 

In  tinea  sycosis,  or  ringworm  of  the  beard,  the  fungus  is  again 
chiefly  in  the  form  of  spores  in  the  hairs  and  hair-follicles,  ljut  here  it 
produces  great  irritation  so  that  pustules  and  papules  form. 

In  tinea  marginata,  or  ringworm  of  the  body,  there  are  patches 
generally  more  or  less  circular  or  crescentic  in  shape,  and  consisting  of 
vesicles  on  a  raised  surface,  or  simply  scaly  elevations.  In  this  form 
the  fungus  develops  mycelium  abundantly,  whose  threads  pass  among 
the  epidermic  cells.  The  spores  are  much  less  abundant  than  in  the 
other  two  forms.  The  name  eczema  marginatum  has  been  given  to 
what  is  really  a  severe  form  of  the  condition  which  we  are  now  con- 
sidering. 


3.  Pityriasis  Versicolor.— 
yellowish  or  dark  brown  colour 


Fig.  339. — Fungus  in  pityriasis  versicolor- 
Threadsare  seen  with  groups  of  spores,   x  500 

(DUHRINO.) 


In  this  disease  there  are  patches  of  a 
with  a  scaly  surface,  and  occurring 
chiefly  on  the  trunk  in  adults.  If 
the  surface  be  scraped  and  the  scaly 
products  examined  under  the  micro- 
scope (best  Avith  the  addition  of  liquor 
potassse,  both  in  this  case  and  the 
others),  there  will  be  found  epidermic 
cells  with  the  elements  of  a  fungus, 
the  MICROSPORON  FURFUR.  There  are 
usually  abundant  mycelium  threads, 
and  the  spores  are  in  rounded  masses 
which  have  been  compared  to  bunches 
of  grapes  (see  Fig.  339). 


Of  the  lesions  due  to  animal  parasites  the  most  important  is 
scabies. 

Scabies. — This  disease  is  characterized  by  the  formation  of  papules. 
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vesicles,  pustules  and  other  signs  of  inflammation  due  to  the  effects  of 
the  ACARUS  SCABIEI  or  SARCOPTES  HOMINIS.  The  female  of  this  insect 
penetrates  into  the  substance  of  the  epidermis.  It  forms  a  tunnel  for 
itself  as  it  penetrates,  and  in  this  it  deposits  ova  and  faeces,  the  latter 
in  the  form  of  brown  granules.  It  usually  passes  through  the  horny 
layer  into  the  rete  Malpighii,  sometimes  approaching  the  surface  of  the 
papillfe.  It  opens  up  the  epidermis  and  causes  irritation,  evidenced  by 
intense  itching. 

The  inflammatory  conditions  are  the  result  partly  of  the  irritation  of 
the  acarus  and  its  embryoes,  which,  as  they  develop  from  the  ova, 
begin  to  travel  along  the  tunnels,  and  partly  the  effect  of  the  scratching 
induced  by  the  itching.  The  primary  lesion  is  a  papule  on  which  a 
minute  furrow  is  visible  to  the  naked  eye.  The  papule  is  produced  by 
the  opening  up  of  the  epidermis  and  swelling  of  the  papillary  layer^ 
which  is  infiltrated  with  serous  fluid  and  round  cells.  Vesicles  and 
pustules  are  produced  when  the  inflammation  is  more  severe,  and  are 
met  with  chiefly  in  children  and  persons  with  delicate  skins. 

The  ACARUS  EOLLICULORUM  is  an  insect  sometimes  met  with  in 
comedones. 

The  LARV^  OF  INSECTS  are  occasionally  met  with  in  the  skin.  The 
ova  are  deposited  in  the  skin,  and  the  larvae  having  developed,  may 
traverse  the  skin  and  subcutaneous  tissue  for  a  considerable  distance 
till  they  present  at  some  part  and  are  squeezed  out  or  extracted.  They 
may  produce  considerable  inflammations  in  the  form  of  boils  or 
swellings. 
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ACTINOMYCOSIS. 


HIS  disease  should  have  been  considered  under  the  heading  of 


PARASITIC  FUNGI,  but  was  overlooked. 
The  disease  occurs  chiefly  in  cattle,  and  occasionally  in  pigs,  but 
it  has  been  met  with  in  a  certain  number  of  cases  in  man.  It  depends 
on  the  existence  of  a  fungus  whose  exact  botanical  position  is  unknown. 
The  fungus  is  in  the  form  of  short  threads  which  are  clubbed  at  their 
extremities.  These  threads,  which  are  perhaps  conidia,  are  arranged 
in  a  radiating  fashion,  many  springing  from  a  common  centre,  with 
their  clubbed  extremities  outwards.  They  thus  form  peculiar  radiating 
groups  of  a  globular  or  oval  form,  which,  being  made  up  of  club-  or 
wedge-shaped  pieces,  present  a  peculiar  glandular  or  knobbed  surface, 
like  that  of  a  mulberry.  The  club-shaped  fibres  are  united  in  the 
centre  by  a  matted  mass  of  fibres,  which  may  be  the  mycehum.  It  is 
from  these  radiating  structures  that  the  fungus  has  received  its  name  of 
Ray-fungus  or  Actinomyces  (aKxt's,  a  ray),  and  the  disease  that  of 
Actinomycosis. 

The  radiating  clumps  are  individually  of  very  small  size,  like 
grains  of  dust,  but  they  are  usually  united  into  larger  masses  as  the 
heads  in  a  cauliflower  (Ponfick).  These  larger  masses  are  the  charac- 
teristic indications  of  the  disease,  appearing  to  the  naked  eye  as  yellow 
sulphur-coloured  granules  in  the  midst  of  the  structures  about  to  be 
described. 

The  disease  was  first  described  and  named  by  Bollinger  in  1877,  he 
having  distinguished  it  in  cattle,  in  which  it  seems  somewhat  common 
in  certain  localities.  Its  occurrence  in  the  human  subject  has  been 
established,  chiefly  by  the  observations  of  Israel  and  Ponfick. 
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In  cattle  it  mostly  appears  as  a  tumour-like  swelling  of  the  jaw, 
most  commonly  the  lower  jaw.  It  grows  outwards  to  considerable 
dimensions,  forming  a  simple  or  lobulated  tumour.  After  a  time  the 
skin  gives  Avay,  and  a  prominent  projecting  mass  protrudes,  which  dis- 
charges a  ^hick  pus  with  pieces  of  slough.  In  this  discharge  are  visible 
little  sulphur-yellow  granules,  which  are  somewhat  firm  in  consistence, 
and  have  a  greasy  feeling.  These  are  the  fungus  masses  already 
described.  The  new-formation  may  extend  from  the  jaw  to  the  tongue, 
pharynx,  larynx,  oesophagus,  stomach,  and  intestinal  wall. 

The  disease  is  communicable  by  inoculation  from  one  animal  to 
another.  The  rabbit  and  dog  seem  to  be  incapable  of  inoculation,  but 
cattle  are  highly  susceptible.  It  may  be  produced  by  inoculation  into 
the  subcutaneous  or  intermuscular  tissue,  and  produces  its  effects  in  a 
very  striking  manner  when  inoculated  into  the  peritoneal  cavity. 
When  introduced  into  the  blood  it  produces  typical  new-formations 
in  the  lungs. 

In  man  the  disease  is  induced  apparently  by  accidental  inoculation, 
usually  by  a  wound  in  the  mucous  membrane  of  the  mouth  (as  from  ex- 
traction of  a  tooth)  or  pharynx,  but  possibly  by  a  wound  in  the  skin. 
AVhen  so  induced  it  produces  swellings,  as  in  cattle,  but  these  do 
not  usually  grow  to  such  bulky  tumours,  as  they  break  down  more 
readily  so  as  to  form  abscess-like  cavities  which  open  externally  and 
give  rise  to  fistula3.  The  disease  may  remain  local,  affecting,  it  may 
be,  the  jaws  and  surrounding  parts.  On  the  other  hand,  it  may  extend 
slowly  till  it  involves  the  bodies  of  the  vertebrae  or  the  pleura.  In 
such  cases  the  introduction  is  probably  by  the  pharynx.  In  these 
internal  parts  it  produces  a  slow  inflammatory  process  with  exuberant 
granulations  and  chronic  suppuration.  When  it  affects  the  vertebra^, 
which  it  seems  to  do  with  pecuhar  frequency,  these  become  carious,  and 
a  chronic  abscess  forms  which  msij  gradually  extend  to  the  surface  and 
open  in  the  lumbar  region  or  the  groin.  In  these  cases  the  person 
becomes  slowly  emaciated,  and  dies  after  months  or  years  from  exhaus- 
tion, sometimes  with  amyloid  disease.  In  some  cases  there  has  been  a 
metastasis,  so  that  abscess-Hke  formations  have  occurred  in  various 
organs,  and  the  case  has  been  like  one  of  pyaemia.  In  all  these  situa- 
tions the  sulphur-yellow  granules  are  found,  and  they  are  to  be  recog- 
nized in  the  pus  of  the  abscesses,  etc. 

Looking  more  closely  to  the  anatomical  details  in  this  disease,  it  is 
clear  that  we  have  to  do  with  a  specific  irritant.  The  most  direct  effect 
of  the  action  of  this  irritant  is  the  formation  of  granulation  tissue.  In 
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cattle  this  is  so  abundant  that  a  bulky  tumour  is  produced,  which,  from 
its  structure,  might  be  taken  for  a  round-celled  sarcoma.  In  man  th(.' 
granulation  tissue  is  not  so  exuberant,  although  produced  abundantly, 
and  when  the  abscesses  find  their  way  to  the  surface  the  granulations 
pout  at  the  opening  like  those  of  a  sinus  leading  from  a  scrofulous  joint. 
Looking  to  this  great  new-formation  of  granulation  tissue  and  to  its 
tendency  to  break  down,  Ponfick  has  suggested  that  the  disease  shouM 
he  placed  among  the  infective  tumours.  The  granulation  tissue  herf 
resembles  that  in  the  infective  tumours,  not  only  in  its  exuberance  and 
tendencj^  to  break  down,  but  also  in  its  tendency  to  form  connective 
tissue  in  an  irregular  way.  In  the  midst  of  the  masses  of  granulations 
there  may  be  strands  of  coarse  connective  tissue. 
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Abscess  of  brain,  460 

Acarus  follic\ilorum,  297,  881  {aKapi,  a  mite) 

,,     scabiei,  297,  881 
Achorion  Schoenleinii,  270  (cix^^P,  scurf) 
Acne,  (cLKvti,  the  highest  point,  the  bloom), 
854 

,,     mentagra  {mentum,  the  chin,  and 
dyi>u,  a  taking  or  affection),  or  sy- 
cosis (avKov,  a  fig),  855 
,,     rosacea,  855 
Actinomyces  or  ray-fungus,  882  {uktU,  a 

ray,  and  /xvkii'-^,  a  mushroom) 
Actinomycosis,  882 
Acute  miliary  tuberculosis,  155 

„        „  „  lungs  in,  560 

Acute  yellow  atrophy  of  liver,  642 
Addison's  disease,  bronzing  of  skin  in,  124 
Adenoma,  201  (aoiji',  a  gland) 

,,  mammary  glandular  tumour,  201 
, ,        mucous  polypi,  201 

of  liver,  202,  654 
,,       of  prostate,  201 
of  thyroid,  202 
Ague  cake,  391 
Air-embolism,  44 
Albuminous  infiltration,  114 
Albuminuria,  699  (albumen,  white  of  egg, 

and  (woov,  urine) 
Alimentary  canal,  introduction  to  diseases 
of,  572 

Alopecia,  845  (aXtomj^,  a  fox) 

,,      areata,  845 
Alveolar  cancer,  228 
Amyloid  concretions,  134 
Amyloid  degeneration,  130  {afxv\ov,  fine 
meal,  and  tlSos,  likeness).   See  also  under 
individual  organs 
Amyloid  degeneration,  connective  tissue 

and  blood-vessels  affected  in,  131 
Amyloid  degeneration,  effects  of,  133 
,,  ,,  localized,  133 

,,  ,,  nature  of  the  pro- 

cess, 133 

Amyloid  substance,  characters,  of,  131 

,,  tests  of,  130 

Anaemia,  essential,  15  («,  priv.,  and  alun, 
blood) 


Anaemia,  fatty  degeneration,  116 
,,       fatty  heart  etc.  in,  17 
,,       general,  12 
,,       local,  24 
,,       secondary,  16 
,,       spontaneous,  15 
Anchylosis  of  joints,  834  (ayKy\tu(7is,a  stif- 
fening of  joints,  from  dyxuKos,  crooked) 
Aneurism,  by  anastomosis,  371  {dutupvcTfjLu, 
from  duiupvuw,  I  dilate) 
,,         causation  of,  363 
,,        cirsoid,  371  (m;Octo's, enlargement 

of  a  vein,  and  stoos,  like) 
,,        condition  of  coats  of  vessels  in, 
366 

, ,        condition  of  branches  at  seat  of, 
368 

,,        dissecting,  372 

,,        effects  on  heart,  369 

,,         effects  on  surrounding  i^arts,  369 

,,        fusiform  and  sacculated,  363 

„        localization  of,  365 

„        miliary  in  brain,  453 

,,        of  cerebral  vessels  a  cause  of 
haemorrhage,  451,  453 

,,        of  heart  and  valves,  335 

,,         spurious,  371 

, ,        terminations  of,  370 

,,        thrombi  in,  367 

,,        traumatic,  371 

,,        varicose,  374 

,,        varieties  of,  371 
Angina,  acute  catarrhal,  582  {angina,  the 

quinsy,  from  ango,  I  cause  pain) 
Angioma,  199  {ayyo9,  a  vessel) 

„       cavernous,  200 

,,  ,,        of  liver,  654 

„       lymphatic,  200 

,,       plexiform  or  capillary,  199 

,,       venous  or  varicose  naevi,  200 
Angiosarcoma,  plexiform,  218  (ayyos,  a  ves- 
sel, trapg,  flesh,  and  plexus,  a  plaiting) 
Angular  curvature  of  the  spine,  821 
Animal  parasites,  272 

Anthracosis,   or   coal  miner's  lung,  .b65 

((iuOna^,  coal) 
Anthrax,  253  {di/Op(t^,  a  coal,  a  carbuncle). 

See  sjilenic  fever 
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Aortic  insufficiency,  342 

Aortic  obstruction  or  stenosis,  344 

Apoplectic  cyst  of  brain,  45(i 

Arterial    tension,    cause  of    increase  in 

Bright's  disease,  702,  707 
Arteries,  atheromatous  patches  in,  353 
,,       calcareous  infiltration  of,  359 
„        condition  in  Bright's  disease,  702 
,,       effects  of  ligature,  350 

fatty  degeneration  of  intima,  358 
,,       syphilitic  diseases  of,  361 
Arteritis,  acute,  350  (aiirripin,  an  artery) 
Arthritis,  834  {upOpou,  a  joint) 
,,       acute  rheumatic,  836 
,,       chronic  rheumatic  or  deformans. 
837 
gouty,  836 
,,       pyasmic,  836 
,,       simple  acute,  835 
,,       scrofulous  or  tubercular,  839 
Ascaris  lumbricoides,  291  {aarKaph,  an  intes- 
tinal worm) 
,,      mystax,  291 
Ascites,  666  (do-Ko's,  a  bag) 

,,       chylous,  666 
Ataxia,  hereditary,  425  (d,priv.,  and  T-dfts, 
order) 

Atelectasis,  510  {(WiXt'is,  incomjilete,  and 
l/x-Trto-is,  expansion),  to  be  distinguished 
from  condensation  of  lung,  511 
Atheroma,  352  (adnpwfia,  a  tumour  full  of 
gruel-like  matter,  from  dOiipij, 
fine  meal) 
,,        a  cause  of  gangrene,  103 
„        calcareous  jjlates  in,  355 
,,        changes  in  middle  and  external 

coats,  355 
,,        effect  on  circulation  of,  356 
,,        in  cerebral  vessels,  a  cause  of 
haemorrhage,  452,  454 
Atheromatous  abscess  and  ulcer,  354 
Atrophy,  111  (a,  priv.,  and  Tpi<pw,  I  nourish) 
„       from  deficient  nutrition.  111 
,,       from  disuse,  112 
,,       from  fever,  112 
, ,       from  nervous  lesions,  112 
,,        of  brain  in  general  paralysis,  463 
,,        of  brain,  in  hydrocephalus,  483 
, ,        of  half  the  face,  114 
,,       physiological.  111 

Bacillus,  235  {bacillus,  a  little  staff) 
,,       anthracis,  254 
,,       cultivation  of,  258 
,,       Pasteur's  observations,  263 
,,        tuberculosis,  164 

Bacteria,  232  (jianTupia,  a  rod) 
detection  of,  236,  238 
,,        forms  and  characters,  233 
,,        influence  on  the  living  tissues,  238 
, ,        in  putrefying  or  septic  wounds,  239 
,,        origin,  233 

Baldness,  845 

Bedsores,  869 


I  Bedsores,  acute,  8G9 

I  Bile  ducts,  obstruction  of,  660 

,,       ,,     results  of  obstruction,  660 
,,       ,,     tumours  of,  062 
Biliary  abscesses,  661 
Bladder,  urinary,  calculi  and  concretions  in 
731 

,,       ,,    dilatation  of,  726 

,,       „    diseases  of,  724 

,,       ,,    diverticulum  of,  726 

,,       „    extroversion  of,  725 

„       ,,    hajmorrhage  from,  727 

„       ,,    hypertrophy  of  the  muscular 

coat,  726 
,,       ,,    inflammation  of,  727 
,,       ,,    parasites  in,  731 
„       „    passive  hyperaemia  of,  727 
,,       ,,    perforation  and  rupture  of,  725 
,,  tuberculosis  of,  729 

,,       ,,    tumours  of,  730 
Blood-corpuscle-holding  cells,  48  - 
Blood  in  leuksemia,  56 
Blood-vessels,  acute  inflammation  of,  350 
>,  chronic  endarteritis,  ather- 

oma, 352 
, )        , ,       diseases  of,  349 
Boil  or  furunculus,  858 
Bone,  absorption  of,  808 
,,    cancer  of,  829 
,,    cysts  of,  829 

,,    deformities  of,  due  to  rickets,  800 

„  formation  of  sequestrum  (Lat.,  some- 
thing separated)  in  necrosis, 814 

,,  formation  of  cloaca  (Lat.,  a  drain) 
in  necrosis,  815 

,,    gummata  in,  816 

,,    healing  of  simple  fractures,  811 

,,    inflammations  of,  806 

,,    introduction  to  diseases  of,  793 

,,    metaplasia,  793 

, ,    necrosis  of,  814 

, ,    necrosis  from  phosphorus,  815 

,,    normal  ossification,  796 

, ,  osteoblasts, osteoclasts,  myeloplaques, 
and  Howship's  lacunae  in,  807 

,,    parasites  of,  830 

,,    partial  fractures  in  rickets,  802 

,,    regeneration  of,  146 

, ,    results  of  hereditary  syphilis,  817 

,,    rickets  or  rachitis,  795 

,,    sarcoma  of,  826 

,,     senile  atrophy  of,  804 

,,     syphilitic  affections  of,  816 

,,     transplantation  of,  146,  808 

„  tubercular  or  scrofulous  disease  of, 
819 

,,     tumours  of,  825 

Bone  and  cartilage,  new-formation  in  in- 
flammation, 97 

Bone  marrow,  affections  of,  396 
,,        ,,        in  leukaemia,  58 

Bony  tumour.    See  Osteonia 

Bovine  tuberculosis,  167,  561 

Bothriocephalus  latus,  285  (fiodplov,  a  little 
pit,  and  KS(j)a\ij.  the  head) 

Brain,  abscess  of,  460 
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Brain,  anatomical  introduction  to  diseases 
of,  436 
„     convolutions,  439 

corona  radiata,  439 
,,      crura,  437 
,,      external  capsule,  438 
internal  capsule,  437 
uucleus  lenticularis,  438 
,,      pons  varolii,  437 
,,      arteries  of,  443 

atrophy,  congenital  and  senile,  467 
.,      degenerative  changes  in,  468 

delirium  of  fevers,  462 
,,      disseminated  sclerosis,  461 
,,     embolism,  39 

genei-al  oedema  of,  483 
,,      general  paralysis  of  the  insane,  462 
hfemorrhage,  450.    See  cerebral  hae- 
morrhage _  . 
„      inflammations  of.    See  encephalitis 
„      localization    of    syphilitic  lesions, 
471 

,,      nutritive  arteries,  444 
, ,      occlusion  of  arteries,  447 
„  ,,       in  chorea,  448 

,,      oedema  ex  vacuo,  483 
,,      parasites  in,  474 
,,      scrofulous  tubercle  of,  162,  472 
,,      secondary  degeneration  in,  445 
„      softening    (ramolissement),  white, 

yellow,  and  red,  4-57 
,,      syphilitic  disease  of  the  vessels, 
470 

,,      thrombosis  and  embolism  of  the 

vessels,  446 
,,     thrombosis  of  the  sinuses,  449 
,,      tumours  of,  472 
Brain  and  membranes,  syphilis  of,  468 

Bright's  disease  of  the  kidneys,  685 
,,  albviminuria  in,  699 
,,      anatomical  and  histological 

changes  in,  688 
,,      arterio-capillary  fibrosis, 
702  (dpT))()i'a,  an  artery, 
capillus,  a  hair,  &nd  Jibra 
a  fibre) 
„      causes  of,  685 

changes  in  heart  and  arte- 
ries, 702 

,,  ,,      distinction  into  parenchy- 

matous and  interstitial 
nephritis,  686 

,,  ,,      general  introductory  con- 

siderations, 685 

,,  „      glomerulo-nephritis,  688; 

hijemorrhages  in,  689 ; 
ursemic  symptoms  in,  691 

,,  ,,      interstitial  nephritis,  cysts 

in,  697;  sclerosis  of  glo- 
meruli in,  695;  state  of 
blood-vessels  in,  698; 
state  of  tubiiles  in,  69(1 

,,  ,,      increased  arterial  tension 

in,  702,  707 
,,  oedema  from,  54 


Bright's  disease,  relation  to  cold,  687;  gout. 

687;  lead-poisonmg,  087; 
pregnancy,  688;  scarlet 
fever,  687  ;  syphilis,  688 
„      tube  casts  in,  701 
Bronchial  croup,  507 
Bronchial  tubes,  affections  of,  504 

J  J  ,,      catarrh,  505 

Bronchiectasis,  504  {^^poyxo^,  the  windpipe, 
and  ticraais,  expansion) 
in  chronic  iDneumonia,  538 
in  fibroid  phthisis,  550 
Bronchitis,  505  (jSpoyxo^,  tlie  windpipe) 
„         capiUary,  538 

exudation  (sputum)  in,  506 
fibrinous  or  plastic,  507 
Bronchocele,  202  (fSooyxo^,  the  windpipe, 

and  KriXv,  a  tumour) 
Broncho-pneumonia,  538 
Bulbar  paralysis,  431  (bulbe,  French  name 

for  medulla  and  pons) 
Burns,  855 

Bubo,  suppurating,  383  (^ov^wv,  the  groin) 

Cachexia,  179  (kclko^,  bad,  sgis,  habit) 
Cadaveric  poisons,  effects  of,  860 
Calcareous  infiltration,  126 

„         anatomical  charac- 
ters of,  128 
,,         of  arteries,  359 
„  of  cartilage,  130 

of  dead  tissues  and 
foreign  bodies,  127 
,,  of  middle   coat  of 

arteries,  129 
Calculus  in  kidneys  of  new-born  children, 
715  [calculus,  dim.  of  calx,  a 
stone,  or  limestone) 
,,       in  pelvis  of  kidneys,  716 
„       vesical^  carbonate  of  lime,  733 
,,  ,,      cystine,  733 

,,      oxalate  of  lime,  mulberry, 
732 

,,      tribasic  phosphatic,  733 
,,      uric  acid,  732 
,,  ,,      xanthine,  733 

Callosity  of  skin,  870 

Callus,  external,  internal,  and  intermedi- 
ary, 812  (callus,  a  hard  skin) 
Cancer,  forms  of.    See  Carcinoma 

„      of  abdominal   organs,  secondary 

extension  of,  672 
, ,      of  the  intestine,  629 

of  kidney,  722 
,,      of  liver,  655;  secondary  growths,  672 
, ,      of  lung,  562 
,,      of  mamma,  778 
,,     of  oesoi)hagus,  589 
,,      of  ovary,  769 
,,      of  stomach,  601 
,,      of  urinary  bladder,  730 
Cancerous  infiltration,  222 
Cancrum  oris,  575 
Canities,  846  (canus,  gray) 
Capillary  bronchitis,  538 
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Carbuncle  (anthrax),  858 
Carcinoma,  218  a  cancer) 

,,        colloid  or  alveolar,  228 
definition  of,  219 
growth  of,  222 
, ,        hard,  or  scirrhous,  227 

inflammatory  round  cellf?  at  the 

margin  of,  222 
melanotic,  230 
,,        mucous,  230 
,,        ordinary,  226 

origin  of  the  epithelium  in,  219 
,,        relations  to  the  lymphatics,  222 
secondary  changes  in,  223 
soft  or  medullary  cancer,  226 
structure  of,  219 
,,        villous,  225 
Caries,  808  (Lat.,  rottenness,  decay) 

,,     fungous,  839 
Cartilaginous  tumour.    See  Chondroma 
Caseous  necrosis,  108 
Casts  (fibrinous)  of  bronchial  tubes,  507 

„     in  kidney.    See  tube-casts 
Catarrh  of  nasal  passages,  490  (-caxa,  down, 
and  f<ku>,  I  flow) 

Cauliflower  excrescence  of  the  uterus,  758 
Cause  of  disease,  2 
Cell  division,  137 
Cellular  tumours,  212 

Cephalhsematoma,  49  {icEfpaXn,  the  head, 

and  alun,  blood) 
Cerebellum,  anatomy  of,  442 

atrophy  of,  467 
Cerebral  haemorrhage,  450 

>>  )>  appearances  of  brain 


in,  455 

>.  causes  of,  453 

)>  causes  of  rupture  of 

large  vessels,  aneu- 
rism, atheroma, 
etc.,  451 

>>  ,)  from  the  capillaries, 

455 

()  from  the  larger  ar- 

teries, 451 

>)  ,,  from  nutritive  arter- 

ies, 453 

)j  organization  of  the 

clot,  456 

Cerebral  membranes,  hsemorrhage  from 

476 

j»  inflammations  of, 

478 

Cerebral  sinuses,  thrombosis  of,  449 
Cerebral  vessels,  embolism  of,  446 

,,       thrombosis  of,  446. 
Cerebro-spinal  fluid,  accumulation  of,  in 

cerebral  membranes  and  cavities,  483 
Cestoda,  274  (keo-tos,  a  girdle,  and  £i(5os, 
likeness) 

,,     Bothriocephalus  latus,  285  ;  Taenia 
echinococcus,  282 ;  T.  mediocanel- 
lata,  280;    solium,  275;  other 
varieties,  287 
Chancre,  indurated,  primary,  149,  150 


Charbon,  253 

Charcot's  crystals  in  leuktemia,  57 
Chest,  rachitic  deformity  of,  802 
Chicken  cholera,  cultivation  of  the  or^an 
isn),  259 

-lui  •     Mr,     I'asteur's  observations,  2(i; 
Chilblain,  857 

Chionyphe  Carteri,  269 
Chlorosis,  15  (x\a,pos,  green) 
Cholera,  condition  of  intestine,  622  (x"Xt>" 

from  X'^^'i,  bile) 
Cholestearine  in  fatty  degeneration,  119 
Oliondroma,  189  (xo'i/r-f.ov,  gristle) 
,,         ecchondrosis,  190 
,,        enchondroma,  190 
,,         malignancy  of,  178 
,,         osteoid,  826 
Chorea,  occlusion  of  cerebral  arteries  in, 
448  (xofjtia,  a  dance)  ' 
Chylous  urine,  295  ;  ascites,  666 
Circulation  and  blood,  affections  of,  7 
Circulation,  physiology  of,  7 
Cirrhosis  of  the  liver,  645  («cippos,  tawny) 
Clinical  observation,  relation  to  patholoev  5 
Cloudy  swellmg,  114 
Club  foot,  831 

Coagulation  in  capillaries,  32 

,,        theory  of,  25 
Coagulation  necrosis,  104 

>)  characters    of  the 

tissue  in,  107 
))  from  embolic  infarc- 

tion, 105 

>)  J)        in  diphtheria,  106 

Cocco-bacteria,  235  (kokkos,  a  kernel,  and 
l3uKT}]pia,  a  rod) 

Colliquification,  a  form  of  gangrene,  109 
Colloid  cancer,  228 

Colloid  degeneration,  124  (K6X\a,  glue,  elSos, 
like) 

).  ,,  in  cancer,  126 

Colloid  or  hyaline  degeneration  of  muscle. 
105 

Colloid  ovarian  cysts,  763 
Comedo,  854  (comedo,  I  consume) 
Compound  granular  corpuscles,  118 

>>  „    in  cerebral  soft- 

ening, 458 
Compound-tissue  tumours,  204 
Condyloma,  209  (Kovdu\wiJ.a,  a  knob) 
in  larynx,  500 
,,          in  skin,  865 
Connective  tissue  tumour,  181 

,,     regeneration  of,  146 
Corn  (clavus),  870 

Corpora  amylacea,  134  (corpus,  a  body,  and 

afxvXov,  fine  meal) 
Craniotabes,  803  (Kfiaviov,  the  skull,  and 

tabes,  wasting) 
Croup,  496 

Cryptorchismus,  783  {Kpv-n-Toi,  hidden,  and 

opx's,  a  testicle) 
Cutaneous  outgrowths,  183 
Cyanosis,  307,  843  (h-i/ui/os,  blue) 
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Cystic  duct,  obstraction  of,  660 
Cysticercus,  278  (-cuj-rtv,  a  bladder,  and 

KtfjKoVy  a  tail) 
Cystic  sarcoma,  215 
Cystic  tumour   See  cystoma  and  cyst 
Cystinuria,  733  {cystine,  from  kucttiv,  a  blad- 
der, and  oiiyov,  urine) 
Cystitis,  727  ^-I'trns,  a  bladder) 
Cystoma,  204  (Kum-i';,  a  bladder) 
,,       dermoid  cysts,  205 
,,       mucous  cysts,  205 
„       of  the  thyroid  gland,  207 
of  the  ovai-y,  763 
Cysts,  apoijlectic,  205 
,,      in  tumours,  209 
,,     mode  of  formation  of,  205 
,,     of  gall  bladder,  liver,  and  vermiform 

appendage,  208 
,,     of  the  jaws,  829 
„     of  the  kidney,  207 
,,     of    the    mamma,   and  intracystic 

growths  of,  776 
,,     of  the  ovaries,  208,  763 
,,     of  the  parovarium,  770 
,,     of  the  skin  (atheromatous),  205 
retention,  205 

Dead  or  obsolete  structures,  calcareous  in- 
filtration into,  127 
„  ,,       disposal  of,  97,  110 

Decubitus,  acute,  869 

Delirium  of  fevers,  condition  of  brain  in, 
462 

Dermoid  cysts,  211 

Desiccation  a  form  of  gangrene,  108 

Diabetes  mellitus,  64  {nin,  through,  fiaivw, 

I  flow,  and  /it,\i,  honey) 
,,  ,,        artificial  production  of, 

66,  67,  68 

,,  ,,        effects  of  hyper-oxygena- 

,,  ,,  tion  of  the  blood,  68 

„  ,,        liver-circulation  in,  69 

,,  ,,        pathological  anatomy,  71 

„  ,,        relation  of  food  to  sxigav 

in  urine,  64 
„  ,,       relations  of  the  glycogen, 

65 

,,  ,,       state  of  the  circulation 

in,  67 

,,  ,,        urea  excretion  in,  60 

Diapedesis,  22,  44  (out,  through,  and  tt/iSii- 
o-is,  a  bursting  or  oozing) 
_  ,,  in  inflammation,  83 

Diaphragm,  its  relation  to  peritoneal  can- 
cer, 676 

Diathesis,  179  (dia,  through,  and  Tte?;/ui, 
I  arrange) 

Diphtheria,  (Sulidepn,  a  skin,  or  leather)  494 
,,         coagulation  necrosis  in,  106 

of  fauces,  584 
„         nature  of  the  membrane  in 
larynx  and  trachea,  496 
Dislocations  of  joints,  congenital,  830 
,,         spontaneous,  833 
>>  traumatic,  832 


Dissection  woimds,  860 

Distoma  (<5/v,  twice,  and  arofia,  the  mouth) 
hiBmatobium,  274;  hepaticum,  272;  lanceo- 
latum,  274;  sinense,  273  ' 

Diverticulum  of  the  intestine,  607  (diverto,  1 
turn  aside) 

Division  of  cells,  137 

Dracunculus  Medinensis,  292  (dracunculus, 

a  little  dragon) 
Dry  gangrene,  l09 

Ductus  choledochus,  results  of  obstruction 

of,  661  ,     ,  . 

Duodenitis,  618  [duodenum,  from  duodeni, 

twelve) 

Dura  mater,  acute  suppurative  inflamma- 
tion of  478 
,,      gummata  of,  469 
,,      htematoma  of,  476 
Dyscrasia,  179  (ou?,  difficult  or  bad,  and 

Kpuafs,  a  mixture) 
Dysentery,  condition  of  intestine,  620  (5us, 
with  difficulty,  and  'iv-ripov,  the  guts) 

Ear,  fungi  in,  269 

Ecchondrosis,  189   (£«-,   out  of,  x''"^/""^' 

gristle)  ,    .  •  N 

Ecchymosis,  843  (?«•,  out  of,  and  x"mo?,  ]uice  j 
Eczema,  851  {kKX,sixa,  from  kKX^iia,  I  boil  over) 
Elephantiasis,  379, 873  {i\i<pa^,  an  elephant) 
,,  Arabum,  181 

Grsecorum.   See  leprosy 
Emaciation,  111 

Embolic  infarction,  coagulation  necrosis  in, 
105 

,,  ,,        its  ultimate  fate,  41 

Embolism,  34  \  'iixlio\u<;,  a  plug) 

,,       Cohnheim's  experiments,  35 
,,       in  arteries  with  anastomosis,  34 
,,       in    arteries    with  anastomosis 

plugged,  41 
,,       in  brain,  39 
,,       in  capillaries,  34 
,,       in  cerebral  vessels,  446 
,,       in  end  arteries,  35 
, ,       in  hmgs,  37 
,,       in  kidney,  38 
,,       in  portal  vein,  39 
, ,       in  retina,  39 

,,       in  sixperior  mesenteric  artery,  40 
,,       oil  and  air,  42,  529 
Emphysema  (pulmonary),  (e/<f/)U(T7)M",  infla- 
tion, from  kn- 
f/)U(r«ui,  I  blow 
in),  anatomical 
changes  in,  517 
,,  ,,        compensatory,  516 

„        effects  of,  on  other 
parts,  520 
„  ,,        expiration  a  cause 

of,  515 

„  ,,        inspiration  a  cause 

of,  516 

,,  ,,        interlobular,  514 

,,  ,,        senile,  515,  521 

,,  ,,        vesicular,  515 
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Empyema,  5G9  (ifxirvii/xa,  a  gathering,  from 

tV,  in,  and  ttvov,  pus) 
Encephalitis,  acute  localized,  459  {iyhifpa- 
\ov,  the  brain) 
chronic  localized,  461 
diffused,  461 
Enchondroma,  189  (ty,  in,  and  x"'''5pos, 

gristle) 
End  arteries,  35 

Endarteritis,  chronic,  352  ('iuSov,  within, 
titiTiipLa,  an  artery) 
,,        obliterans,  358 
Endocarditis,  322  (tudov^  within,  and  (cajja/a, 
the  heart) 
chronic,  325 
„         simple  acute,  322 
ulcerative,  327 
Endocardium,  atheroma  and  opaque  patches 
of,  327 

Endometritis,  acute,   744   (tuoov,  within, 
and  fxn-Tfia,  the  womb) 
chronic,  744 
Enteritis,  616  {turtpov,  a  piece  of  gut,  from 

iuT6<i,  within) 
Entozoa  or  internal  parasites,  272  (ei/tos, 
within,  and  X^wuv,  an  animal) 
,,     cestoda  or  tapeworms,  274 
trematoda,  272 
Epidermis,  hypertrophy  of,  139 
,,         regeneration  of,  144 
Epithelial  cancer,  223.    See  epithelioma 
Epithelioma,  223 

cylinder-celled,  225 
flat-celled,  224 
of  larynx,  503 
of  skin,  forms  of,  874 
,,         of  stomach,  601 
Epithelium,  new  formation  in  granulating 
wound,  96 
regeneration  of,  144 
Epizoa,  297  (k-n-i,  upon,  and  ^cooi/,  an  animal) 
Eiiulis,  577  (fTTi,  upon,  and  uv\ov,  the  gum) 
Ergot,  a  cause  of  gangrene,  104 
Erysipelas  [ipv(j'nri\a'3,  redness  of  the  skin, 
from  root  of  kpvQpb's,  red,  and 
irikXci,  skin),  379,  861 
,,       bacteria  in,  256 
Erythema,  851  {ifwiia'iuw,  I  dye  red,  from 

ipvdpoi,  red) 
Excoriation  of  the  skin,  859 
Exostosis,  191  {'i^w,  out  of,  otj-riov,  a  bone) 

,,        multiple,  825 
Experimental  pathology,  relation  to  path- 
ology, 2 

Fallopian  tubes,  inflammation  of,  760 

,,  tuberculosis  of,  762 

Farcy,  171 

Fatty  degeneration,  115 

„  „  anatomical  changes  in, 

118 

,,  ,,  in  ansemia,  116 

„  ,,  in  inflammations,  116 


Fatty  degeneration  of  tlie  brain  substance 
116 

>>  >»  theories  as  to  mode  of 

occurrence  of,  116 

Fatty  infiltration,  120 

>>  >.         anatomical  changes  in, 

122 

)>  ),         from  disuse,  120 

))  5>         around  diseased  and  use- 

less glands,  121 
.)  of  the  liver,  121 

)>  „         of  muscle,  120 

Fatty  tumour.    See  lipoma 
Fauces,  acute  catarrhal  angina,  582 

,,      acute  phlegmonous  inflammation 
of,  583 

,,      chronic  catarrh  of,  583 

,,      diphtheria,  584 

,,      inflammations  of,  582 

,,      syphilitic  disease  of,  585 

,,      tubercular  ulcers  of,  586 

, ,      tumours  of,  586 
Favus,  269,  878  [favm,  a  honeycomb) 
Fibrine,  formation  in  inflammations,  87 
Fibrinous  exudation,  85 
Fibro-cellular  tumours,  183 
Fibroid  phthisis,  549 

)>  formation  of  cavities  in, 

550,  556 

Fibroma,  181  (fihra,  a  fibre) 
,,        hard,  183 
,,        moUuscum,  873 
„        of  larynx,  502 
soft,  182 

Filaria  medinensis,  292  (fihim,  a  thread) 
Filaria  sanguinis,  293 

),  relations  to  lymph-scro- 

tum, 296 
relations  to  elephantiasis, 
296 

Floating  kidney,  682 

Foreign  bodies,  calcareous  infiltration  of, 
127 

,,  ,,      inflammatory  new-forma- 

tion around,  97 
Foreign  or  dead  tissue,  absorption  of,  97 
Formative  cells  in  inflammation,  92 
Fractures,  healing  of,  811 
Framboesia,  863  [framboise,  a  raspberry) 
Frostbite,  857 

Fungi,  characters  and  development  of,  266, 
267 

Fungi,  in  the  ear,  269 
,,      in  the  movith,  271 
,,      in  the  skin,  269 
,,      madura  foot,  269 
,,      ijarasitic,  266 

,,      pathogenic  and  innocuous  forms,  267 
Fungus  hsematodes,  226  (fungus,  a  mush- 
room, and  alfia,  blood,  and  stoos,  like) 

Galen,  veins  of,  obstruction  in  hydrocepha- 
lus, 484 
Gall-bladder,  tumours  of,  662 
Gall-stones,  658 

,,         single  and  multijile,  659 
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Ganglion  cells,  calcification,  468;  hyaline 
or  colloid  degeneration,  408 ;  simple  and 
pigmentary  atrophy,  468 

Gangrene,  causes,  IQl  {ydyyjxiLva,  an  eating 
sore) V 

changes  in  the  dead  tissue,  104 
'„        from  thrombosis,  34 
„        of  lungs,  540 

of  lung,  after  acute  pneumonia, 
536 

senile,  103 

weakness  of  the  heart  a  cause  of, 
102 

Gastritis,  595  {yaaWip,  the  belly,  the 
stomach) 

General  paralysis,  state  of  brain  in,  463 
General  tuberculosis,  155 
Generative  organs,  female,   defective  de- 
velopment of,  737 
female,  introduction  to 
diseases  of,  735 
,,       male,  783;  malforma- 
tions, 735 

Genu  valgum,  801  (genu,  the  knee;  valgus, 

bow-legged) 
,,    varum,  8Ui  (genu,  the  knee;  varus, 

bow-legged) 
Glanders,  171 

Glandular  tumour.    See  Adenoma 
Glioma,  203,  473  (y^iu,  glue) 

,,      cerebral,  473 
Glomerulo-nephritis  (glomerulus,  dim.  of 

glomus,  a  clue  of  thread,  and  uE(ppus,  the 

kidney).    See  Bright's  disease 
Glossitis,  575  (y\waau,  the  tongue) 
Glosso-labio-larnygeal  paralysis  (yXaxrcrrt, 

the  tongiie;  labium,  the  lip),  431 
Glossy  skm,  867 

Glycogen,  conversion  into  sugar  in  dia- 
betes, 65 

Goitre,  202   (French,  goitre ;    from  Lat. 

guttur,  the  throat) 
Gonorrhoea,  734  (701^09,  seed,  and  ptm,  I  flow) 
Graafian  vesicles,  conversion  into  cysts, 

762 

Granular  disintegration  of  brain  substance, 
468 

Granulating  wound,  as  type  of  inflamma- 
tory new-formation,  90 
Granulation- tissue  tumours,  148 
Gravel,  732 

Grey  degeneration,  ascending,  416 

,,         of  cord,  characters  of, 
412 

Gum-boil,  581 

Gumma,  151;  structure  of,  152  (gummi, 
gum) 

, ,        of  the  dura  mater  and  soft  mem- 
branes of  brain,  469 
,,        of  the  liver,  651 

Haematocele,  787  ("I.""*  blood;  and 
a  tumour) 
,,         periuterine,  749 
,,         parametric,  749 


Hcematoidin  crystals,  from  haemorrhage, 

47 ;  in  thrombi,  31 
Hajmatoma,  49  (alua,  blood) 

of  scalp,  49;  of  ear,  49;  of 
dura  mater,  50;  of  heart, 
50;  of  uterus,  50 
of  the  dura  mater,  476 
,,  of  the  peritoneum,  665 

,,  polypoid  of  uterus,  751 

H8ematometra,743(ai/^a,  blood;  and  /Avrpa,. 

the  womb) 
Hajmin-crystals,  48 

Haemoglobin,  its  poisonous  characters,  12 
Hsemoglobinuria,  12 

Haemorrhage,    44  (al  pop  pay  id,  bleeding;. 

from  (iipa,  blood;  and  the 
root  of  pnyvvpi,  I  burst 
through) 
,,  causes,  45 

,,  disposal  of  escaped  blood,  46 

,,  from  the  stomach,  600 

,,  in  brain.     See  cerebral  hae- 

morrhage 
,,  in  iJhthisis  pulmonalis,  557 

pigmentary  infiltration  from, 
123 

„  pulmonary,  530 

,,  stoppage  of,  45 

Heemorrhagic  infarction,  36 

„  „    _    in  lungs,  37 

Hcemorrhoids,  376  ("I/ia,  blood,  and  piw,. 

I  flow) 
Hair,  atrophy  of,  845 
, ,    greyness  of,  846 
Head,  rachitic  deformity  of  the  bones,  803 
Healing  of  wounds,  143 

,,  ,,         immediate  union,  143 

,,  ,,         primary  adhesion,  143 

,,  union  by  first  intention, 

144 

,,  ,,         union  by  second  inten- 

tion, 144. 

Health  and  disease,  2 
Heart,  abscess  of,  322 

,,     aneurisms  of,  335 

, ,     atrophy  of,  309 

,,     calcareous  infiltration  of,  318 

,,     causes  of  foetal  obsti'uction  of  pul- 
monary artery,  303 

,,     coagula  in,  346 

,,     congenital   malformation    of  the 

valves,  305 
,,     diseases  of,  299 
,,     endocarditis,  322 
, ,     fatty  degeneration  of,  3i6 
,,     fatty  infiltration  of,  121,  315 
,,     forms  of  cardiac  hypertro]jhy,  313 
,,     hypertrophy  of,  310 
,,  ,,  compensatory.  310 

,,  ,,  from  adherent  pericar- 

dium, 311 

,,  ,,  from  Bright's  disease, 

312 

„  ,,  from  valvular  disease, 

312 
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Heart,  hypertrophy  of  loft  ventricle,  314 
^.  of  right  ventricle,  313 

,,     partial  hypertrophiea,  312 
„     imperfect  closure  of  interventricular 
septum,  301 

in  Bright's  disease,  702 
injuries  and  rupture  of,  320 
"     ""^^-Siilarities  of  the  primary  vessels, 

,,     malformations  of,  299 
"  >'  duration  of  life  in, 

308 

• ,     misplacements  of,  299 

myocarditis,  320 
,,     passive  congestion  of,  315 
, ,     patency  of  foramen  ovale,  and  ductus 

arteriosus,  302 
rupture,  320 
, ,     semilunar  valves  simulating  auriculo- 

ventricular,  306 
,,     thrombi  in,  347 
,,     tumours  of,  348 
„     valvular  disease  of,  337 

Tj  "  ....  "      of  right  side,  345 

-tiepatitis  (iiwap,  the  liver),  chronic  inter- 
stitial, 645 
,,       purulent,  643 
Hepatization  of  lung,  532  {iWaTila,,  to  be 

like  the  liver,  from  T/Trup,  the  liver) 
Hereditary  syphilis,  155 
Hermaphroditism,  735  ('Epixy^,  Mercury,  and 
'A(]>po6iT,i,  Venus).    See  also  pseudo- 
hermai^hroditism 
Hernia,  contents  of,  610  {hernia,  a  ruptiu-e) 
„       diaphragmatic,  609 
,,       external  and  internal,  608 

external,  enumeration  of,  609 
,,       false,  609 

mode  of  jjroduction,  608 
,,       ovarian,  611,  760 
„       retroperitoneal  (jejuno-duodenal, 
subcoecal,  and  into  fossa  iiiter- 
sigmoidea),  610 
strangulation  of,  611 
Herpes,  866  ('ipvio,  I  creep) 

Histology,  pathological,  relation  to  path- 
ology, 4 
Hodgkin's  disease,  61 

Homologous  and  heterologous  tumours,  173 
(o/xos,  the  same,  and  \oyos,  word,  pvo- 
portion),  (£T£/)o9,  other,  and  Aoyos) 

Horn,  209 

Horse-shoe  kidney,  681 
Hospital  gangrene,  104 
Howship's  lacunse,  807  (lacuna,  a  cavity  or 
gap) 

Hyaline  degeneration  in  muscle,  105 
Hydatid  mole,  187  (uodTi'v,  a  drop  of  water) 
Hydatids,  282.    See  tsenia  echinococcus 
Hydraemia,   13  (vSwa,  water,   and  nl/xa, 
blood) 
,,        oedema  from,  54 
Hydrencephalocele,     486     [uSwp,  water, 
£y(C£r/>a\o5,the  brain,  and  atumour) 
Hydraemic  plethora  in  Bright's  disease,  54 


Hydrocele,  787  (Ij^u.p,  water,  and  Kt^X,,,  a 
tumour) 
1,  congenital,  788 

encysted,  788 
rarer  forms  of,  789 
Hydrocephalus,  483  (uowp,  water,  /c£</,a\,;, 
the  head) 
.»  acquired,  484 

acute,  480 

chronic,  or  congenital, 485 
in  atrophy  of  brain,  483 
"  iu  tubercular  meninifitLs 

484  ' 
Hydrometra,  744  {u6u>p,  water,  and  /aWpu 
the  womb)  ' 
Hydronephrosis,   718  (uoutp,  water,  and 

vi<j}p6<:,  the  kidney) 
Hydrophobia,  lesions  in  brain,  etc.,  in,  465 
{hdu,p,  water,  and  <pojdtw,  I  fear) 

^^Qp°r-^'^^'"^'  ^  ^^"^^  of  spina  bifida 

486  (uou>o,  water,  and  ^irix"",  the  back) 
Hydrothorax,  570  (liowp,  water,  and  bwoaf 
the  breast)  '  ^' 

Hypersemia  (vxip,  over,  and  ai/xa,  blood), 
and  anaemia,  9 
,,        active,  of  the  limgs,  521 
,,        general,  9 

,,        collateral,  18;  from  dilatation 

of  arteries,  19 
,,        of  the  lungs,  522 
,,        local,  17;  active,  17:  passive, 
20  '  1  . 

,,        oedema  from,  53 
,,        passive,  from  thrombosis,  33 
Hyperostosis,  825  (v-n-tp,  over  or  excessive, 

and  oaTtov,  bone) 
Hyperplasia,  139  (vTvip,  over,  and  TrXatris, 

a  moulding;  from  irXdatrw,  I  mould) 
Hypertrophy,  136  [vTrtp,  over,  and 
I  noiu-ish) 
,,  from  excessive  performance 

of  a  normal  function,  138 
,,  from    frequently  recurring 

pressure,  140 
,,  from  increased  blood  supply, 

140 

,,  in  bones,  141 

,,  in  epidermis,  139 

,,  in  muscle,  138 

,,  in  neighbourhood  of  inflam- 

mations, 140 
Hypostatic    engorgement    of    lungs,  52.S 
{vTroaTUTLKOi,  from  v(l)L(TTaixai,  I  stand 
under) 


Ichthyosis,  870  (tx^us,  a  fish) 
Icterus,  124  ('Lkt^poi,  jaundice) 
Immediate  union,  143 
Immunity,  acquired,  262 
,,         natural,  260 
,,         in  zymotic  diseases,  theories  of, 
263 

Indurated  chancre,  149 
Infantile  paralysis,  425 
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lufarction  from  embolism,  36  [infarcio,  I 
cram  in) 
hajmorrbagic,  of  lungs,  526 
Infective  inflammation,  99 

,,      tumours,  148 
Inflammation  [mjlammo,  I  set  on  fire),  72 
active  hyj)ersemia  in,  77 
artificial  iDroduction  of,  72 
cbanges  in  tbe  tissues  and 

new  formation,  90 
characters  of  tbe  inflamma- 
tory exudation,  88 
disposal  of  exudations,  89 
emigration  and  diapedesis  in, 
83 

etiology  of,  72 

exudation  cells,  82  {exsudo,  I 

sweat  out) 
fibrinous  exudation,  85 
formative  cells,  origin  of,  94 
formation  of  fibrine  in,  87 
individual  forms  of,  98 
inflammatory  exudation,  82; 

its  mode  of  occurrence,  86 
internal     pavementing  of 

veins,  79 
nervous  system,  its  influence 

in  causation  of,  73 
new-formation     of  blood- 
vessels, 93 
new-formation  of  bone  and 

cartilage,  97 
paralysis  of  tissues  in,  78 
path  of  entrance  of  irritants, 
75 

principal  phenomena,  75 
processes  observedin  wounded 

web  of  frog,  75 
produced  by  irritants,  72 
retardation    and    stasis  of 

blood-current,  79 
retrograde  changes,  90 
the    serous  exudation  —  in- 
flammatory oedema,  84 
state  of  the  vessels  in,  77 
syijhilitic,  151 

temperature     of  inflamed 
parts,  81 

Insane  ear,  49 
Intestine,  catarrh  of,  616 

catarrhal  ulcers  of,  617 
condition  in  dysentery,  620 
,,         cholera,  622 
,,         typhoid  fever,  623 
cysts  of,  617 
follicular  ulcers  of,  617 
hernia  or  rupture,  607 
introduction  to  diseases  of,  605 
intussusception  or  invagination 

of,  614 
in  leukaemia,  60 
malformations  of,  607 
mucous  polypi  of,  617 
obstruction  to  calibre  of,  630 
■post-mortem  changes  in,  606 
prolapse  of,  615 


Intestine,  results  of  obstruction  of,  632 
,,       simple  inflammations  of,  616 
,,       specific  inflammations  of,  620 
,,       tuberculosis  of,  626 
,,  ,,  secondary  to  phthisis 

pulmonalis,  560 
,,       tumoiu's  of,  629,  630 
,,       twisting  of,  613 

Introduction,  1 

Intussusception  of  the  intestine,  614  {inius, 

witliin,  and  smcipio,  I  receive) 
Iodine  as  a  test  in  amyloid  degeneration, 

131 

Irritants,  their  nature,  72 

Joints,  anchylosis  of,  834 

,,      dislocations  and  misplacements  of, 
830 

,,      inflammations  of.    See  arthritis 
,,      syphilis  of,  838 

Keloid,  true  and  false,  871  (kv^'S,  a  spot) 
Kidneys,  active  hypersemia  of,  683 

acute  miliary  tuberculosis,  717 
amyloid  degeneration  of,  713 
Bright's  disease  of,  685 
calculi  and  concretions  in,  715 
coalescence  of  (horse-shoe  kidney), 
681 

compensatory  hyj)ertrophy  of,  682 
cirrhosis  of,  695 
cystoid  degeneration  of,  721 
cysts  of,  697 
embolism,  38,  684 
fatty  degeneration  of  epithelium, 
713 

granular  contracted,  695 
hydronephrosis,  718 
independent  cysts  of,  resembling 

hydronephrosis,  720 
in  leukaemia,  60 
in  scarlet  fever,  709 
lardaceous,  715 
local  tuberculosis  of,  717 
malformations  and  misplacements 
of,  681 

metastatic  abscesses  in,  708 
micrococci  in,  709 
movable  or  floating,  682 
normal  structure  and  functions  of, 
677 

parasites  in,  723 

parenchymatous  infiltration  of, 
712 

passive  hypersemia  of,  684 
perinephric  abscess,  710 
primary  cancer  of,  722 
retrograde  changes  in,  712 
septic  inflammations  of,  707 
simple  atrophy  of,  712 
simple  cysts  of,  721 
syphilis  of,  717 
thrombosis  of  veins,  684 
tubercular  ulceration  of,  161 
tumours  of,  721-723 
Kyphosis,  822  (nvcpus,  bent  forwards) 
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Lardaceous  degeneration,  130 
Large  white  kidney,  692 
Larvae  of  insects  in  tlio  skin,  881 

))  ,)       iu  the  tissues,  297 

Laryngeal  plithisis,  500 

Larynx  and  trachea,  acute  catarrh  of,  497 
>>  n  (liphtheria  and  croup, 

494 

»»  diseases  of,  494 

Larynx,  condylomata  of,  500 
,,      chronic  catarrh  of,  498 
,,      hillamraation  of  the  perichondrium. 
499 

,,      malformations  of,  494 

„      oedema  glottidis,  498 

,,      phthisis  of,  500 

,,      subglottic  inflammation,  498 

,,      syphilis  of,  500 

,,      tumours  of,  501 
Late  rigidity  in  descending  sclerosis,  414 
Lead  poisoning,  atrophy  with  paralysis  in. 
113 

Lepra  ansesthetica,  171  {Ktirpos,  scaly) 

,     tuberculosa,  170 
Leprosy,  170  (Aett/ios,  scaly) 
,,      bacillus  in,  171,  256 
,,      nerves  in,  405 
Leptomeningitis,  478  (Ketttos,  fine,  fxijviy^, 

a  membrane) 
Leptothrix  buccalis,  271  (Xetttos,  slender, 

Of>iZ,  a  hair,  and  bucca,  the  cheek) 
Leucocytosis,  13  (\evk6s,  white,  and  kvtos, 

a  hollow,  a  cell) 
Leucomyelitis,   418    (Xevkos,    white,  and 

fiViXos,  marrow) 
Leukaemia,  56  (\svk6s,  white,  and  (Ufxn. 
blood) 

,,        Charcot's  crystals,  57 

,,        intestines  in,  60;  kidney  in,  60; 

liver  in,  60 ;  skm  in,  60 
, ,        lymphatic  gland  s  in,  59 ;  medulla 

of  bone  in,  58 
,,        relations  to  lymphoma,  231 
,,        spleen  in,  57 
Lichen  ruber,  853  (\f.Lxvv,  a  tree-moss,  a 

scab,  and  ruber,  red) 
Lipoma,  184  (Xittos,  fat) 
diffuse,  184 
„       pendulous,  185 
Liver,  acute  yellow  atrophy  of,  642 
,,     acquired  deformities  of,  635 
,,     adenoma,  654 
,,     amyloid  degeneration  of,  641 
,,     atrophy  of,  639 

atrophy  of  cells  in  passive  hyper 
aemia,  636 
,,     cancer  of,  655 
,,     cirrhosis  of,  645 
,,     congenital  syphilitic  disease  of,  652 
,,     deformity  in  females,  635 

embolism  in,  638 
,     fatty  degeneration  of,  639 

fatty  infiltration  of,  121,  640 
"     folds  of,  635 

hypertrophic  cirrhosis  of,  647 


Liver,  hypertrophy  of,  639 
inflammations  of,  (543 
introduction  to  diseases  of,  633 
in  leukajmia,  60 
malformations  of,  635 
nutmeg,  636 
parasites  of,  658 
passive  hyperemia  of,  636 
parenchymatous  infiltration  of,  639 
perihepatitis,  650 
pysemic  abscesses  of,  644 
red  atrophy  of,  636 
retrograde  changes  in,  639 
syphilitic  disease  of,  651 
thrombosis  and  embolism  in,  638 
tropical  abscess  of,  643 
tuberculosis  of,  653 
tumours  of,  654 
Locomotor  ataxia,  421  {locus,  a  place;  moveo, 
I  move;  d,  priv.,  and 
Tci^Ls,  order) 
j>  lesion  in,  421 

).  physiology  of,  422 

M  trophic  lesions  of  skin, 

muscles,  and  joints,  424 
Lordosis,  822  (\opri6s,  bent  supinely) 
Lungs,  active  hyiDerremia  of,  521 
,,     acute  pneumonia,  531 
,,     authracosis,  565 
,,     atelectasis,  510 
,,     brown  induration  of,  525 
,,     cancer  of,  563 
,,     carnification  of,  511 
,,     collapse  of,  511 
,,     causes  of  collaj^se,  511 
,,     collateral  hypersemia  of,  522 
,,     diseases  of,  508 
,,     disorders  of  the  circulation  in,  521 
,,     embolism  of  the  pulmonary  artery, 

,,     emphysema  of,  514 

,,     gangrene  of,  540 

,,     haemorrhage  from,  530 

,,      haemorrhagic  infarction  of,  526 

,,     hypertrophy  (compensatory)  of,  513 

,,     induration    of.     See  pneumonia, 

chronic 
,,     inflammations  of,  531 
,,     inlialation  of  foreign  substances, 

564 

,,     malformations  of,  510 
,,     oil  embolism  in,  529 
,,     passive  hyperaemia  and  oedema  of, 
523 

,,     passive  hj'peraemia  from  heart  dis- 
ease, 525 
,,     phthisis  pulmonalis,  543 
,,     pigmentation  of,  124,  564 
,,     syphilitic  disease  of,  561 
,,     tumours  of,  561 
Lung-tissue  in  sj)utum  in  phthisis,  554 
Lupus,  169  (lupus,  a  wolf);  nou-exedens, 
169  {non,  not,  and  excdo,  I  devour); 
exedens,  170 
Lymphadenitis,  acute,  383  [lymplia,  water, 
and  adnv,  a  gland) 
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Lympliaclenitis,  chronic,  384 
Lynipliadenoma,  231  {lympha,  water,  and 

dfl/ii;,  a  gland)  , 
Lymphangeitis,  378  (ijmpha,  water,  and 

ayyEtuv,  a  vessel) 
Lymphangiectasis,  379  {bjmpha,  water;  ay- 

ytiou,  a  vessel;  and  tV-rno-is,  expansion) 
Lymphangioma,   cavernous,  380  [lympha, 

water,  and  ayyilov,  a  vessel) 
Lymphatic  circulation,  50 

glands,  acute  inflammation  of, 
383 

,,       diseases  of,  380 

,,       in  leuksemia,  59 

,,       pigmentation  of,  382 

,,       scrofulous    disease  of, 

165,  384 
,,       secondary  tuberculosis 

of,  386 

,,  ,,       in  syphilis,  150 

,,       syphilitic  disease,  de- 
generative changes, 
and  tumours  of,  387 
,,        growth.    See  lymphoma 
,,        vessels,  obstruction  of,  51 

,,       inflammation  of,  378 
Lymphoma,  231  [lympha,  water) 
Lympho-sarcoma,  231 

„  of  mediastinum  and 

mesentery,  231 
,,  of  hmg,  562 

Lymph-scrotum,  296,  873 

Macroglossia,  379,  578  (/xaKpos,  large,  and 

yXtocrcra,  the  tongtie) 
Madura  foot,  269 
Malarial  fevers,  bacilli  in,  256 
Malformations.    See  the  individual  organs 
Malignant  pustule.    See  splenic  fever 
Mamma,  acute  scirrhus  of,  782 

,,       adenoid  sarcoma  of,  775 

,,      adenoma  of,  774 

,,       cancer  of,  778 

,,       colloid  cancer  of,  782 

,,       cysts  and  cysto-sarcoma  of,  776 

,,       duct  cancers,  778 

,,       inflammation  of,  773 

,,       malformations  of,  773 

,,      medullary  cancer  of,  781 

,,       mucous  cancer  of,  782 

,,       parenchymatous  cancer  of,  778 

,,       rarer  tumours  of,  782 

,,       sarcoma  of,  776 

,,       scirrhus  of,  779 
IMeckel's  diverticidum,  607 
Medulla  oblongata,  bulbar  paralysis,  431 

,,        introduction  to  diseases 
of,  407 

,,  „        tumours  of,  434 

Melansemia,  61  {/liXas,  black,  and  alfia 
blood) 

Melanotic  cancer,  230  (//Aa?,  black) 
Membranes  and  cavities  of  brain  and  cord, 

introduction  to  diseases  of,  475 
Membranes  of  brain,  haemorrhage  from,  476 


I  Membranes  of  brain,  syphilitic  disease  of, 

469,  471 

I         J,  ,,        tumours  of,  488 

Meningeal  hsemorrhage,  476 
Meningitis,  epidemic   cerebro- spinal,  479 
{/xvuty^,  a  membrane) 
gummatous,  470 
,,        simple  acute,  478 
„        simple  chronic,  479 
,,        tubercular,  480 
Meninges,  tumours  of,  488 
Mercury,  effects  on  mouth,  575 
Mesentery,  aperture  in,  causing  obstruc- 
[     tion,  631 ;  lymph-sarcoma  of,  231 
Metaplasia,  793  (HfTa-n-Xaa-ts,  transforma- 
tion, from  fxe-ra,  indicating  change,  and 
irXuaau),  I  mould) 
Metastasis,  177  (wttJiVrj/ui,  I  change  place) 
Metastatic  calcification,  127 
Meteorism,  632,  668  (uETetopi^o),  I  elevate) 
Methylviolet,  as  a  test,  in  amyloid  de- 
generation, 131 
Metritis,  745  (ui'iTpa,  the  womb) 
Micrococci,  235  (niKpo?,  small,  and  kokko^, 
a  kernel) 
„        in  kidney,  709 
Micro-organisms,  232 
Microsporon  furfur,  270,  880 
Milium_,  855  (Lat.  millet) 
Mitral  insufficiency  or  incompetency,  338 
,,     obstruction  or  stenosis,  340  (a-T-tvos, 
narrow) 
Moles,  pigmented,  872 
MoUities  ossium,  804  (Lat.,  softness  of 
bones) 

MoUuscum  contagiosum,  872  [molluscum,  a 

fungus,  from  mollis,  soft) 
Molluscum  fibrosum,  183 
Morbid  anatomy,  relation  to  Pathology,  3 
Morbus  coxjE  senilis,  838  (Lat.  disease  of  the 

hip  in  the  aged) 
Morphcea,  868 
Mouth,  catarrh  of,  573 

,,     effects  of  scurvy,  574,  of  mercury, 
575 

,,     epithelioma  of,  577 
,,     follicular  stomatis,  573 
,,     infective  tumours  of  (syphilis,  etc.), 
576 

,,     small -pox  eruj)tion  in,  574 
,,     syphilis  of,  576 

,,     thrush  or  aphthous  stomatitis,  574 
,,     tumours  of,  577 
Mucous  and  colloid  degeneration,  physio- 
logical type  of,  125 
,,  ,,  in  ovarian  tiimours, 

125;  thyroid  gland, 
126 ;  cancers,  126 

,,     cancer,  230 
,,     degeneration,  124 
,,  ,,  of  intercellular  sub- 

stance, 126 
,,     tissue  tumour.    See  myxoma 
Mummification,  108 
!  Muscle,  fatty  infiltration  of,  120 


896 


INDEX. 


Muscle,  hypertrophy  of,  138 
,,     regeneration,  147 

Muscular  tisaue  tumour.    See  myoma 

Myelitis,    transverse  acute,   418  (/uueXov, 
marrow) 
,,       transverse  chronic,  419 

Myeloplaques,  807  (uvt\6v,  marrow,  and 
7rA«5,  a  flat  surface) 

Myocarditis,  320        a  muscle,  and  vapot'a, 
the  heart) 
,,        interstitial,  321 

Myoma,  193  (/iDv,  a  muscle) 

,,  of  female  generative  organs,  195 
„  of  nipple,  782  | 
,,  of  uterus.  See  uterus  i 
,,  retrograde  changes  of,  195  ! 
,,  situations  of,  195  ' 
,,  smooth-celled,  193  ! 
,,     strio-cellulare,  193 

Myxoedema,  844  (/Jiu^a,  mucus,  and  olor\na,  i 
a  swelling)  j 

Myxoma,  186  {ad^a,  mucus)  j 
,,       characters  of  mucous  tissue,  186  ; 
,,       hydatid  mole,  187 
, ,       situation  and  characters  of,  188 

Nsevi,  vascular  (  nacvus,  a  mole).  See  angioma 

Nails,  atrophy  of,  846 

Nasal  passages,  acute  catarrh  of,  490 
,,  chronic  catarrh  of,  492 

,,  ,,       congenital  malformations 

of,  490 

,,        .  ,,       tumours  of,  493 
Necrosis,  caseous,  108  (uiKpwai's,  state  of  .' 

death,  from  vcKfos,  a  dead  body)  | 
,,       disposal  of  the  dead  tissue  in, 
110 

,,       its  causes,  101 
,,       limitation  of,  109 
,,       of  bone,  814 
Nematoda,  or  round  worms,  288  {uTi/xa,  a 

thread,  dSos,  likeness) 
Nephritis  (utfppos,  the  kidney).  See  Bright's 
disease 

Nerves,  chronic  neiu'itis,  405 

,,     diseases  of,  introductory  considera- 
tions, 400 
,,      effects  of  division  of,  402 
,,     hyperiemia  and  acute  inflammation 
of,  404 

,,     regeneration  after  division  of,  147, 
404 

,,     tumours  of,  405 
Nervous  system,  diseases  of,  introduction, 
397 

Nervous  tissue  tumoiur.    See  neuroma 
Neuritis,  acute,  404  (vivpou,  a  nerve) 

,,      chronic,  405 
Neuroma,  196  (vtdpou,  a  nerve) 

,,      false,  196 

,,       painful    subcutaneous  tumour, 
198 

,,       relation  to  multiple  fibromata  of 
skin,  873 


Neuroma,  true,  structure  of,  197 
N]])i)le,  Piiget's  disease  of,  778 
Noma,  575  (vt/iu,,  I  devour) 
Normal  gi-owth,  136 

Obesity,  120 

tEdema  and  dropsy,  50  (ol^tw.  I  swell) 
!;o()(iH//,  dropsy;  from 
ucuif),  water) 

>'  i>        in  passive  hypersemia, 

23 

from  hydrsemia,  54 
,,     from  thrombosis,  33 
,,     from  venous  hyperaemia,  .53 
„     glottidis,  497 
,,     in  Blight's  disease,  .54 
,,     inflammatory,  84 
,,     of  the  brain,  483 
,,     of  the  lungs,  .523 
CEsophagus,  diseases  of,  586 

,,        general  dilatation  of,  586 
,,        inflammations  of,  588 
,,        obstruction  of,  587 
,,        partial   dilatation  (diverticu- 
lum) of,  586 
,,        perforating  ulcers  of,  588 
,,        tumours  of,  589 
Oidium  albicans,  272,  .574 
Oil- embolism,  42 

Oligaemia,  13  (oAtyoy,  small,  and  aina 
blood) 

Omentum,  condition  of,  in  tubercular  peri- 
tonitis, 670 
,,        its  relations  to  cancer  of  peri- 
toneum, 676 
Oophoritis,  acute,   761  (cpo^opos,  bearing 
eggs,  or  roe,  from  cpdv,  an 
egg,  and  cpopew,  1  bear) 
,,         chronic,  761 
Orchitis,  acute,  784  (cipx'S.  tlie  testicle) 

,,       chronic,  784 
Organization  of  thrombi,  31 
Organs  of  respiration,  diseases  of,  490 
Osseous  tumours,  825 
Ossification,  normal,  796 ;  iu  rickets,  798 
Osteitis,  rarefying  or  destructive  and  forma- 
tive or  condensing,  807  [oaTeov,  bone) 
Osteoblasts,  807  {oaTeov,  bone,  and  /SXacrrir, 
a  sprout) 

Osteoclasts,  807  {dcrriov,  bone,  and  Kkaarb^, 

broken  in  pieces) 
Osteoid  chondroma,  826  [oariov,  bone,  and 

eldos,  hkeness) 
Osteoma,  191  (oariov,  bone) 

,,        hyperostosis  and  ijcriostosis,  192 
(virip,  over,  and  oariov,  bone). 
[irepl,  around,  and  oariov,  bone) 
„        ivory  exostosis,  192 
,,        spongy  exostosis,  191 
,,         unconnected  with  bone,  192 
Osteomalacia,  804  (iariov,  a  bone,  and 
fjLaXaKLa,  softness,  from  /xaXaKos, 
soft) 
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Osteomalacia,  different  forms  of,  805 

,,  simulated  by  cancer,  829 

Osteomyelitis,  malignant,  and  traumatic, 

814  (oariov,  bone,  and  ^ui/eXos,  marrow) 
Osteophytes,  825  {da-riov,  bone,  and  (pvrdp, 

a  plant) 
Ovarian  cysts,  763 

,,  appearances  of,  766 

,,  changes  in,  767 

,,  characters  of  fluid  in,  772 

,,  origin  and  significance  of  the 

glandular  tissue  in,  766 
Ovarian  tumours,  colloid  degeneration  in, 
125 

Ovaries  and  tubes,  inflammations  of,  760 
Ovary,  cancer  of,  769 

,,      colloid  cysts  of,  763 

,,      cysts  of,  208.      See  also  ovarian 
cysts 

,,      dermoid  cysts  (teratoma)  of,  768 
,,      hernia  of,  760 
,,       sarcoma  of,  769 
,,      simple  cysts,  763 
,,      tuberculosis  of,  762 
,,      tumom-s  of,  763 
Oxyuris  vermicularis,  291  (o^us,  sharp,  and 
ovpd,  the  tail) 

Pacchionian  bodies,  210 

,,  ,,       tixraom's  from,  488 

Pachymeningitis  hremorrhagica,  477  [Traxvs, 

thick,  /jiTjviy^,  a  membrane) 
Paget's  disease  of  the  nipple,  778 
Painful  subcutaneous  tumour,  198 
Pancreas,  atrophy  of,  663 
,,       cancer  of,  663 

,,       fatty  infiltration  and  degenera- 
tion of,  663 
haemorrhages  of,  662 
,,       inflammations  of,  662 
,,       tuberculosis  of,  663 
Pancreatic  duct,  obstruction  and  dilatation 
of,  664 

Papilloma  of  larynx,  501  {papilla,  a  nipple) 

,,        of  mucoiis  membrane,  209 

,,        of  the  skin,  209 

,,        of  urinary  bladder,  209,  730 
Parametritis,  745  {Trapd,  beside,  and  fX'qTpa, 

the  womb) 
Parasites,  animal,  272 

,,       vegetable,  232 
Parasitic  fungi,  266 

Parenchymatous  nephritis,  691  {Trap^yxvfJ-o,, 
anything  poured  in  beside,  from  irapd, 
beside,  and  iyx^f^,  I  pour  in.    A  name 
early  applied  to  the  peculiar  substance  of 
lungs,  liver,  kidney,  and  spleen) 
Parovarian  cysts,   anatomical  and  other 
characters  of,  771 
,,  ,,       characters  of  fluid  in, 

772 

,,  ,,      perforation  or  rupture 

of,  771 

Parulis,  581  (Trapd,  be.side,  and  oSXoc,  i\iq 
gum) 

3 


Passive  hyiJersemia,  20  . 
Pathogenic  bacteria,  246  {irdeos,  suffpring, 

and  yevvdu},  I  give 
rise  to) 
attenuation    of  the 
virus,  263 
,,       cultivation  of,  outside 
the  body,  258 
,,  ,,       immunity  from,  260, 

263 

,,  in  acute  specific  dis- 
eases, 252 

,,  mode  of  producing 
effects,  264 

,,  relation  to  zymotic 
diseases,  253 

Pathological  wart,  861 
Pediculi,  297  (Latin,  lice) 
Pelvic  cellulitis,  745 

,,     peritonitis,  745 
Pelvis,  rachitic  deformity  of,  802 
Pemphigus,  854  [iriixcpL^,  a  bubble) 

,,         syphilitic,  865 
Penis,  affections  of,  789 
Peribronchitis,    548    [irepl,    around,  and 

fSpSyxos,  the  windpipe) 
Pericarditis,  330  [irepL,  around,  and  KapSla, 
the  heart) 
,,  acute,  331 

,,  cardiac  hypertrophy  in,  334. 

,,  septic,  333 

,,  tubercular,  334 

Pericardium,  absence  of,  299 

,,  adherent,hypertrophy  of  heart 

in,  311 

,,  white  spots  on,  334 

Perihepatitis,  650  (irepl,  around,  and  rj-rrap, 
the  liver) 

Perimetritis,  669,  745  {wept,  around,  and 

fj-TjTpa,  the  womb) 
Periostitis,  chronic,  812  (wepl,  around,  and 
offriov,  bone) 
,,        simple  acute,  813 
,,        suppurative,  malignant,  813 
Periproctitis,  620  [irepL,  around,  and  irpwK- 

t6s,  the  anus) 
Peritoneum,  active  hypersemia  of,  665 
,,         cancerous  infection  of,  674 
,,         condition  of  in  acute  miliary 

tuberculosis,  671 
,,         inflammations  of,  667 
,,         introduction  to   diseases  of, 
664 

,,         passive  hyperemia  of,  666 
,,         tuberculosis  of,  669 
,,         tumours  of,  671 
Peritonitis,  667  [irepiTovaiov,  the  stretched- 
out  membrane,   from  irepL, 
around,  and  relvw,  I  stretch) 
,,         chronic,  669 
,,         chronic  hcemorrhagic,  665 
,,         tubercular,  669 
Perityphlitis,  618  [TrepL,  around,  and  Tv<p\6v 
the  CEecum) 

L 
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Perlsiiclit,  167,  561  (German,  Perl,  a  pearl 

and  Sucht,  sickness) 
Pernicious  anaemia,  15 
Petechia,  843  (Italian,  pettechies,  flea-bites, 

probably  from  peti(/o,  an  eruption) 
Pharynx,  soft  palate,  and  tonsils,  diseases 

of,  582 

Phlebitis,  350  {^X^^p,  a  vein) 
Phleboliths,  375  (0\^^,  a  vein,  and  XlOos, 
a  stone) 

Phlegmasia  dolens,  748  {(/)\ey/j.aala,  from 
(pXeyfxalpu,  I  inflame,  and  dolens,  painful) 
Phlegmonous  inflammation,  99  {(/tXeyfiov^, 

fiery  heat,  from  (pXiyu,  I  burn) 
Phosphorus  necrosis  of  bone,  815 

,,  poisoning  and  fatty  degenera- 

tion, 116 

Phthisis  pulmonalis,  543  {(pdluu,  I  waste, 

and  pulmo,  the  lung) 
>i  ,,        a  cute  peribronchitis  in, 

548 

J  J  ,,        anatomical  changes  in, 

546 

).  ,,        aneurism   in  cavities 

of,  558 

n  caseous  pneumonia, 

544 

,,  caseous,  formation  of 
cavities  in,  554, 
556 

,t  ,,        catarrhal  or  caseous 

form,  551 
,,  ,,        causes  of,  543 

,,  ,,        condition   of  bronchi 

in,  547 

,,  ,,        condition  of  lungs  pre- 

disposing to,  545 

,,  ,,        condition  of  pleura  in, 

558 

,,  ,,        fibrous  peribronchitis 

in,  548 

,,  ,,        fibroid,  548 

,,  ,.        general  api^earances  of 

lung  in,  555 
,,        localization  at  aiJex, 

546 

,,  ,,        local  tuberculosis,  545 

,,  ,,        path  of  entrance  of 

the  irritant,  546 
,,  ,,        pneumothorax  in,  559 

,,  ,,        source  of  hajmorrhage 

in,  557 

,,  ,,        sputvmi  in,  557 

,,  ,,        state     of  bronchial 

glands  in,  559 
,,  ,,        ulceration  of  intestines 

in,  560 

„  ,,        views  as  to  iJatliology 

of,  544 

Physiology,  relation  to  pathology,  2 
Pian,  863 

Pigmentary  infiltration,  123 

,,  ,,        from  luBmorrhage, 

48,  123 

,,  ,,        in  tumours,  123 


Pigmentation  from  atrophy  and  concentra- 
tion, 124 
of  the  lungs,  124 
Pityriasis  versicolor,  269,  880  (Trirupof,  bran, 
versicolor,  of  changing  colour) 
,,       rubra,  853  (ruber,  red) 
I'lethora,  9  (-wX-qOuip-q,  fulness) 
Pleura,  affections  of,  557 

,,     condition  of,  in  phthisis  pulmonalis, 
558 

,,     tumours  of,  571 
Pleural  adhesions,  569 
Pleurisy,  557  [irXevpi,  the  side) 
,,       anatomical  details  of,  568 
,,       tubercular,  569 
Plexiform  angiosarcoma,  218 
Pneumonia,  acute,  531  [irvevpLwv,  the  lung) 
,,     abscesses  in,  535 
I)  engorgement  or  spleni- 

zation  in,  531 
,,     gangrene  in,  536 
M  ,,     grey  heiiatization,  534 

>,  ,,     occasional  results  of,  530 

,,  ,,     purulent  infiltration  or 

resolution,  535 
,,  ,,     red  hepatization,  532 

,,     state  of  pleura  in,  536 
,,  acute  catarrhal,  538 

>>  ,,  ,,       collapse  of 

lung  in,  530 
,,  ,,     interstitial,  537,  540 

,,  caseous,  a  form  of  phthisis,  552 

,,  chronic,  536 

,,  ,,       bronchiectasis  in,  538 

,,       induration  of  lung  in, 
537 

,,  white,  561 

Pneumothorax,  570  (wvevfia,  air,  dibpa^,  the 
chest) 

,,  in  phthisis  pulmonalis,  65!J 

Poliomyelitis,  418  [ttoXlos,  grey,  and  fxveXo?. 
marrow) 
,,  anterior  acuta,  425 

,,  ,,      chronica,  428 

Polypi,  mucous,  201  (woXinrovs,  the  sea- 
polypus) 
Portal  vein,  embolism,  39 
Pott's  disease  of  the  spine,  821 
Pregnancy,  extra-uterine,  750 

,,        relation    to  Bright's  disease, 
688 

I  Primary  adhesion,  143 
,,       chancre,  150 
Proctitis,  620  [irpuKTOs,  the  anus) 
Progressive  muscular  atrophy,  429 
Pi-olapsus  ani,  615  (prolabor,  I  fall  down) 
Prostate,  cancer  of,  790 

,,       concretions  in,  791 
,,       hypertrophy  of,  790 
,,       tubercle,  790 
Prurigo,  853  (prurio,  I  itch) 
Psammoma,  204  (\f/dfj.iJ.os,  sand) 
Pseudo-hermaijhroditism,  736  (i/'ei'ST^s,  false, 
'Ep/jLTis,  Mercury,  and  ' AtppodlTTj, 
Venus) 


INDEX. 


899 


rseudo-hcrmaphroditism,  female,  737 

male,  736 

Pseudo-hypertrophic  patolysis,  120,  432 
(rpevdris,  false;  vwip,  over;  and  rpe^xv. 
I  nourish) 

Pseudo-leukasmia,  Gl   (i/'chSt^s,  false,  and 

leukasmia) 
Psoriasis,  852  (xj/dpa,  the  scab) 
Puerperal  fever,  746 
Pulex  irritans,  297  (Latin,  a  flea) 
Pulmonary  artery,  embolism  of,  528 

,,  ,,     stenosis  of,  300 

Pulmonary  emphysema,  514 
Pulmonary  hiemorrhage,  530 
I'yajmia,  247  (Tri^oj',  pus,  and  aZ/xa,  blood) 

,,      condition  of  kidneys  in,  708 

,,      embolic  multiple  abscess  in,  247 

,,      spontaneous,  251 
Pyelitis,  711  (7n;e\os,  an  oblong  vessel  or 
basin) 

Pyelonephritis,  710  (7ri;eXos,  an  oblong  ves- 
sel, and  ve(ppbs,  the  kidney) 

Pyonephrosis,  711,  720  {iriov,  pus,  and 
v€(ppjs,  the  kidney) 

Pyo-pneumothorax,  570  [ir^ov,  pus,  Trvev/J.a, 
air,  and  dd)pa^,  the  breast) 

Quinsy,  584  (through  French  esquinancie, 
from  KvvdyKT],  dog-quinsy,  or  sore  throat, 
from  Kvcov,  a  dog  and  ^yxw,  I  strangle) 

Eachitic  rosary,  802 

Eachitis.    See  rickets,    [paxts,  the  spine) 
Eanula,  578  (dim.  of  rana,  a  frog) 
Eed  corpuscles,  replenishment  of,  14 
Eegeneration,  141 

,,  of  blood,  144 

,,  ,,       after  loss,  144 

,,         of  bone,  146 
,,         of  connective  tissue,  146 
,,         of  epidermis  and  epithelium, 
144 

,,         of  muscle,  147 

, ,         of  nerve  fibres,  147 

EelaiJsing  fever,  255 

Eenal  phthisis,  160,  717 

Eepair  of  injuries  and  restoration  of  lost 
parts,  141,  143 

Eeproduction  of  lost  parts,  law  of,  142 

Eetrograde  metamorphosis,  101 

Ehabdo-myoma,  193  (pd/35os,  a  stripe,  and 
/jLvs,  a  muscle) 

Rickets,  795 

,,      deformities  of  bones  in,  800 

,,      deformities  of  chest  in,  802 

,,      deformities  of  head  in,  803 

, ,      deformities  of  long  bones  in,  801 

, ,      mode  of  ossification  in,  798 

,,      partial  fractures  in,  802 

, ,      shifting  of  the  epiphyses  in,  801 

Ringworm,  269 

Rodent  ulcer,  876 

Hound  worms.    See  Nematoda 


Sand  tumour,  204 

Sarcina  ventriculi,  265  [sarcina,  a  bundle, 
and  ventriculus,  the  stomach) 
,,      in  blood,  265 
Sarcoma,  definition  of,  212  (crdp^,  flesh) 
,,        division  of,  according  to  type,  213 
,,        mode  of  growth,  212 
,,        of  hmg,  .562 
, ,        of  membranes  of  brain,  489 
,,        retroperitoneal,  671 
,,        structure  and  classification  of,  212 
,,        varieties  of,  round  celled,  213; 
alveolar,  217 ;  cystic,  215 ;  melan- 
oid  or  pigmented,  217 ;  myeloid 
or  giant  ceUed,  216;  osteoid, 
217;  plexiform  or  cylindroma, 
218;  spindle  celled,  214 
Sarcoptes  hominis,  881 
Scabies,  880  (Latin,  the  itch) 
Scalds,  855 

Scarlet  fever,  state  of  kidneys  in,  709 
Schizomycetaj,  234   (crx/fw,  I   split,  and 

jiiuKTjs,  a  mushroom) 
Scirrhus,  227  {(XKippos,  hard) 
,,       of  the  mamma,  779 
,,       of  the  stomach,  603 
Sclerema,  neonatorum,  869  ((TK\r]p6s,  hard, 

veos,  new,  and  natus,  born) 
Scleroderma,  868  {<jKK7]p6s,  hard,  and  d^pfj.a, 

the  skin) 

Sclerosis,  disseminated  or  in  patches,  461 
((TKkripo's,  hard) 

,,       of  spinal  cord,  413 
Scolex,  278  (c/cwX??^,  a  worm) 
Scrofula,  its  relation  to  tuberculosis,  165 

(scrofa,  a  sow) 
Scrofulous  tubercle  of  the  brain,  162 
Scrotum,  cancer  of,  789 

,,        lymph-scrotum,  790 
Scurvy,  condition  of  mouth,  574 
Senile  emphysema,  521 
Senile  gangrene,  103 

Septicajmia,  240  ((r7?7rrt/c6s,  putrefying,  and 
alfia,  blood) 
,,         of  mice  (Koch),  244 
,,         of  rabbits,  245 
,,         pathogenic  bacteria  in,  246 
, ,         septic  poisoning,  241 
,,         septic  or  putrid  infection,  243 
Septic  poisoning,  241 ;  infection,  243 

,,     thrombosis,  33 
Simple-tissue  tumours,  181 
Skin,  cancer  (epithelioma)  of,  874 

,,    causes  of  cutaneous  inflammation,  847 

,,    cysts  in,  844 

,,    eruptions  in  fevers,  848 

,,    eruption  of  small-pox,  849 

,,    fibroma  molluscum,  873 

,,    fibro-neuromata  of,  873 

. ,    forms  of  cutaneous  inflammations,  848 

,,    "glossy  skin,"  867 

,,    gumma  of,  865 

,,    haemorrhages  of,  843 

„    hypersemia  of,  843 

,,    hypertrophies  and  tumours  of,  870 
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Skin,  infective  infiamniations  of,  851) 

,,    infective  tumours  of,  8()3 

,,    inflammatory  skin  eruptions,  850 

,,    introduction  to  diseases  of,  841 

,,    lesions  of,  due  to  cadaveric  poi8ons,860 

,,    leukaemia,  lesion  in,  60 

,,    local  atrophy  of,  in  pregnancy,  845 

,,    moUuscum  contagiosum,  872 

„    multiple  fibromata  of,  873 

,,    normal  structure  of,  841 

,,    oadema  of,  844 

„    parasitic  affections  of,  878 

,,    parchment  skin,  844 

,,    phlegmonous  inflammations  of,  862 

,,    pigmented  cancer  of,  877 

,,    sarcoma  of,  874 

,,    simple  and  senile  atrophy  of,  844 

,,    symptomatic  inflammations,  848 

,,    syphilitic  lesions  of,  864 

, ,    traumatic  and  non-infective  inflamma- 
tions, 855 

,,    tropho-neuroses  of,  866 

,,    tumours  of,  870 
Small-pox  eruption  in  mouth,  574 

>,  ,,      on  skin,  849 

Softening  of  the  brain,  457 

))  ,,        in  the  aged,  103 

Softening  with  decomposition  in  gangrene, 

109 
Soor,  574 

Spastic  paralysis   (Erb),    425  ((nraarLKos, 
stretching,  from  airdu,  I  draw,  wapd 
beside,  and  Xuw,  I  loosen)  ' 
Spermatocele,  788  ((nr^pp.a,  seed,  and  KrjXrj, 

a  tvimour) 
Spina  bifida,  486 

,,       ,,      condition  of  cord  in,  487 
Spinal  cord,  acute  softening  of,  418 

,,        ,,     amyotroijhic  lateral  sclerosis, 
425  (d,  priv.,  fiOs,  a  muscle, 
and  rpicpui,  I  nourish) 
,,        ,,     anterior   and   posterior  root 

zones,  409 
,,        ,,     arrangement  of  grey,  407,  and 

white  substance,  408 
,,        ,,     ascending  grey  degeneration, 
416 

,,  ,,  degeneration  of,  after  amputa- 
tions, 417 

,,  ,,  descending  grey  degeneration, 
413 

,,        ,,     descending  sclerosis,  413 
,,        ,,     inflammations  of,  417 
,,        ,,     introduction  to  diseases  of ,  407 
,,        ,,     poliomyelitis  anterior  acuta, 
425 

,,  ,,  poliomyelitis  anterior  chronica, 
428 

,,  ,,  progressive  muscvdar  atrophy, 
429 

,,  ,,  pseudo-hypertrophic  paralysis, 
432 

,,  ,,  pyramidal  and  cerebellar  tracts, 
columns  of  Tiirck  and  GoU, 
410 


Spinal  coid,  Bclerowis    of     the  posterior 
columns,  421 
,,        ,,     secondary    degenerations  of, 
411 

,,        ,,     spontaneous  lateral  sclerosis, 
425 

,,     tumours  of,  434 
Spinal  curvatures,  antero-posterior,  821 
)>  forms  of,  821 

))  ,)         introductory  considera- 

tions, 819 

5  1  ),         lateral  or  rotatory,  823 

Spirillum,  235  (dim.  of  spira,  a  coil) 
Spiroch  ieta  Obermeieri,  255 
Spleen,  active  hyperaimia  and  inflamma- 
tion of,  390 
,,     acute  splenic  tumour,  390 
,,     amyloid  disease,  394 
,,     chronic  inflammation  of,  391 
,,     chronic  s^jlenic  tumour,  391 

diseases  of,  388 
, ,     embolic  infarction,  392 
,,     general  hypertrophy  and  fibrous  in- 
duration of,  391 
,,     in  leukaemia,  57,  393 
,,     malformations  of,  and  supernum- 
erary spleens,  389 
,,     passive  hypera3mia,  392 
,,     rui^ture  of,  393 

,,     sago  spleen  and  diffuse  amyloid 
spleen,  395 

,,     tuberculosis,  syphilis,  tumours,  396 
Splenic  fever,  253,  862 
Sponge  grafting,  98 

Sputum  coctum  of  bronchitis,  507  {spv.o,  I 

spit,  and  coquo,  I  cook) 
Stasis,  80  (arda-it,  a  standing,  from  lar-qixi, 

I  stand) 

Stercoraceous  vomiting,  632  [stercus,  ex- 
crement) 
Stomach,  acute  catarrh  of,  595 

,,       acute  and  i^hlegmonous  inflam- 
mations of,  595 

,,       cancer  of,  601 

,,       chronic  catarrh  of,  596 

,,       colloid  cancer  of,  603 

, ,       dilatation  and  hyijertrojihy  of,  593 

,,       epithelial  cancer  of,  60 

,,       haemorrhage  from,  600 

,,       haemorrhage  from,  in  ulcer,  598 

,,       inflammations  of  (gastritis),  595 

,,       introduction  to  diseases  of,  590 

,,       medullary  or  soft  cancer  of,  602 

,,       mode  of  origin  of  ulcers,  598 

,,       perforation  of,  598 

,,       post-mortem  changes  of,  592 

,,       scirrhus  of,  603 

, ,       simple  perforating  ulcer  of,  597 

,,       tumours  of,  601 
Stomatitis,  aphthous,  574  (arofj-a,  the  mouth, 
d(p9a,  an  eruption) 

,,       follicular,  573 

,,       gangrenous,  675 
Strobilus,  275  (arpofjiXos,  a  fir  cone) 
Strongylus  duodenalis,  292 

„    '    gigas,  292 
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Superior  mesenteric  artery,  embolism,  40 
Synovitis,  strumous,  839  [ffiv,  with,  und 

an  egg) 
Syphilis,  149 

,,      amyloid  disease  iu,  1154 
,,       arteries  in,  154 
,,       chancre,  149 
,,      congenital,  155 
,,       dvie  to  a  virus,  149 
,,       effects  on  mouth,  570 
,,       hereditary,  155 

affection  of  the  bones 
in,  817 

,,       incubation  jieriod,  150 
,,       inflammations  in,  151 
,,       lymphatic  glands  in,  150 
, ,       of  the  brain  and  its  membranes, 
468 

,,       of  the  larynx,  500 
,,       secondary  lesions,  151;  symme- 
trical lesions  in,  150 
,,       skm  eruj^tions  in,  864 
,,       tertiary  stage  of,  gummata,  151 
,,       ulceration  in,  152 
Syphilitic  disease  of  cerebral  blood-vessels, 
470 

Syringomyelia,  435  {avpiy^,  tube,  and  /xveXos, 
the  marrow) 

Tabes  dorsalis,  421  [iabeo,  I  waste,  and  ! 

dorsum,  the  back) 
Taenia  ecliinococcus,  282  {tcenia,  a  ribbon; 

eXi>os,  a  hedgehog;  i 

and  k6kkos,  a  kernel) 
,,  ,,  brood  capsules  of,  283 

.,  ,,  characters  of  cyst  wall,  i 

285  ! 
,,  ,,         development  of  cysts,  i 

283 

,,     mediocanellata,  or  saginata,  280  I 
,,     solium,  habitat,  and  characters  of, 
275 

,,        ,,       sexual  apparatus,  275  and 
276 

,,       water  vascular  system,  and 
development  of,  277 
Talipes,  its  various  forms,  831  {talus,  the 

ankle,  and  pes,  the  foot) 
Tapeworms.    See  cestoda  and  taenia. 
Teeth,  caries  of,  579 

,,    constituents  of,  578 
,,     inflammations  of,  580 
,,     osteoma  of,  581 
,,     tumours  of,  581 
Temperature  of  inflamed  parts,  81 
Tendon  reflex,  exaggeration  of,  415 
Teratoma  of  internal  organs,  211  [ripas, 
a  monster) 
,,       of  ovary.    See  dermoid  cysts 
,,       sacral,  211 

,,       situations  and  structure  of,  210  j 
Testicle,  benign  fungus  of,  784  ! 
,,      hsematocele,  787 
,,      hydrocele,  787  ' 
,,      imperfect  descent  of,  783 
,,      inflammation  of,  783 


Testicle,  malformations  and  misplacements 
of,  783 

,,       syphilitic  disease  of,  785 

,,       tuberculosis  of,  785 

,,       tumours  of,  786 
Tetanus,  lesions  in,  467  {riTavos,  stretch- 
ing, tension) 
Threadworm,  291 

Thrombi  distinguished  from  clots,  30  {dpofJ.- 
/3os,  a  lump  or  clot) 
„      in  heart,  28,  347 
,,       in  veins,  28 
,,       liable  to  grow,  29 
,,       organization,  31 
,,       red,  26 
,,       softening,  31 
,,      white  and  mixed,  27 
Thrombosis  and  embolism,  25 
Thrombosis,  hypersemia,  oedenja,  gangrene 
from,  33 
, ,         of  cerebral  sinuses,  449 
,,  ,,       vessels,  446 

Thrush,  272,  574 

Thyroid  gland,  colloid  degeneration  of,  126 
Tinea  favosa,   878   (tinea,  a  worm,  and 
favtis,  a  honeycomb) 
,,     tonsurans,  879  (tonsura,  a  shaving) 
Tongue,  inflammation  of,  575 
Tonsillitis,  aciite,  585  {tonsillce,  the  tonsils) 

,,        chronic  (hypertrophy),  585 
Trachea,  malformations  of,  494 
Transfusion  of  blood,  10;  of  alien  blood,  11; 

of  blood  about  to  coagulate,  11 
Transplantation  of  bone,  147 
Transverse  myelitis,  418 
Trematoda,  272  {rprj/jLaTdoS-qs,  perforated) 
Trichina  spiralis,  site  and  characters  of, 
288  [rplxi-vos,  of  hair) 
,,  ,,        impregnation  of  capsule 

with  lime,  128 
Trichocephalus  dispar,  292 
Trichophyton,  270  (9pl^,  a  hair,  and  cpvTov, 
a  plant) 
,,  tonsurans,  880 

Tricuspid  valve,  relative  insufficiency  of, 
345 

Tropho-neuroses,  113  (Tpe<poj,   I  nourish, 
vevpov,  a  nerve) 
,,  ,,        of  skin,  866 

Tube  casts,  701 

,,       ,,    from  coagulation  necrosis,  107 
Tubercle  and  tuberculosis,  155  [cuberculum, 
a  little  lump) 
,,       caseous  necrosis  of,  158 
, ,       fibrous  transformation  of,  158 
,,       miliary,  its  structure,  156 
Tubercles,  their  relation  to  blood-vessels, 
157 

Tubercular  bacillus,  characters  of,  164 
,,        meningitis,  480 
,,  ,,         appearance  of  brain 

in,  481 
white  softening 
around  ventricles, 
482 
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Tubercular  peritonitis,  (JIW 
ulcer,  1(31 

ulcer  of  intestine,  627 
M         virus,  nature  of,  163 
>>  „     source,  166 

I  uberculization  and  fatty  degeneration,  120 
Tuberculosis,  acute  miliary,  155 

M  and  inflammation,  159 

,,  artificial  production  of,  162 

,,  bacillus  in,  256 

„  by  inoculation,  162,  163 

,,  from  inspired  air,  163 

,,  general,  155 

,,         local,  160 

of  serous  cavities,  160 
,,  relations  to  scrofula,  165 

Tumor  albus,  839  (Lat.,  white  swellino-) 
Tumours,  173 

,,       classification  of,  179 
,,        Cohnheim's    theory    of  malig- 
nancy, 178 
,,       cysts  in,  209 
,,        definition  of,  173 

growth  and  extension  of,  176 
, ,       local  malignancy,  176 
,,       metastasis  or  generalization  of, 
177 

,,        origin  and  development  of,  174 
,,        origin  from  embryonic  remains, 
174 

,,        secondary  changes  of,  178 
, ,        simple  or  innocent,  176 

Twisting  of  intestine,  613 

Typhlitis,  618  {rvcpXov,  the  coecuni  or  blind 
gut) 

Typhoid  fever,  623  (rOgios,  smoke;  and  elSos, 
likeness) 
,,        ,,     lymphoma  in,  231 
,,         ,,     bacillus  (Eberth's)  in,  255 
,,         ,,     condition  of  intestine  in, 
624 

, ,         , ,     mesenteric  lymphatic  glands 
in,  626 

,,        ,,     characters  of,  625 

Ulcer,    perforating    of    stomach.  See 
stomach 

Ulceration,  99  (ulcus,  a  sore) 
,,         syphilitic,  152 

Ulcerative  endocarditis,  251,  327 

,,  ,,  kidneys  in,  708 

„  ,,  organisms  in,  257 

Ulcers  of  the  skin,  859 

Union  by  first  intention,  144 
,,     by  second  intention,  144 

Urajmia,  62  (odpov,  mine,  and  al/xa,  blood) 

Urachus,  patency  of,  725 

Urethra,  diseases  of,  734 

Urinary  organs,  diseases  of,  677 

Uterus,  anteflexion,  742 
,,     anteversion,  742 


TU8,  atrophy  of,  743 
,,     dilatation  of,  743 
,,     distension  of  by  gas,  744 
,,     double,  738 
,,     epithelial  cancer  of,  758 
,,     fibrinous  polypus,  751 
,,     hypertrophy  of,  743 
"  )>  cervix,  743 

,,     inflammations  of,  744 
,,     inversion  of,  741 
,,     malformations  of,  740 
mucous  polypi  of,  759 
,,     myoma,  752 

"  cysts,  dilatation  of  blood- 

vessels, and  calcareous 
infiltration  in,  755 
"         >.       induration  and  oedema  of, 
754 

prolapse  of.  740 
, ,     parasites  of,  759 
,,     retroflexion,  742 
,,     retroversion,  742 
,,     soft  or  medullary  cancer  of,  756 
,,     syphilis  of,  751 
, ,     tuberculosis  of,  751 
,,     tumoiurs  of,  751 
„     less  frequent  forms  of,  759 
,,     unicornis,  739 

Vagina,  cancer  of,  756 

,,      prolapse  of,  741 

,,      tumours  of,  751 
Valvular  disease  of  heart,  337 
Varicocele,  377  (varix,  a  dilated  vein,  and 

KTjXT],  a  tumour) 
Varicose  ulcer,  859 
Varix,  374  (var        dilated  vein) 

,,     results  of,  376 
Vascular  tumour.    See  anginoma 
Vegetable  parasites,  232 
Vein-stones,  31 

Vermiform  appendix,  foreign  bodies  in,  61 H 
,,       retention  cyst  of,  618 
Vertebrae,  rachitic  deformity  of,  802 

Wart,  common,  209,  871 

,,     pathological,  861 

„     soft,  872 
Waxy  degeneration,  130 
White  pneumonia,  561 
Wood's  tumour,  198 
Wounds.    See  healing  of  woiuids 
,,      bacteria  in,  239 
,,      of  the  skin,  858 
AVound  fever,  242 

Xanthoma,     xanthelasma,    873  {^avdo^, 

yellow,  and  ^Xaa/xa,  a  plate) 
Xeroderma,  844,  871  (^rip6s,  diy,  and  depfia, 

the  skin) 

Yaws,  863 
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College  of  Surgeons ;  Emeritus  Professor  of  Surgery  and  of  Clinical  Surgery 
in  University  College  ;  Consulting-Surgeon  to  University  College  Hospital, 
and  to  various  Medical  Charities.    The  Seventh  Edition,  enlarged  and  care-  [ 
fully  revised  ;  pp.  2,072,  illustrated  by  862  Engravings  on  Wood.    2  voh.  | 
8vo,  price  36J.  ^  .^^..^    ^  1 

SYSTEM  OF  SURGERY, 

Theoretical  and  Practical,  in  Treatises  by  various  Authors.  Edited  by 
Timothy  Holmes,  M.A.,  Surgeon  to  St.  George's  Hospital,  Membre 
Correspondant  de  la  Societe  de  Chirurgie  de  Paris;  and  J.  W.  Hulke, 
F.R.S.,  Surgeon  to  the  Middlesex  Hospital  and  to  the  Royal  London 
Ophthalmic  Hospital.  Third  Edition,  in  Three  Volumes,  with  Coloured 
Lithographic  Plates  and  numerous  Illustrations  engraved  on  Wood.  3  vols, 
royal  8vo.  price  Four  Guineas, 

In  this  third  edition  the  same 
general  arrangement  has  been 
followed  as  in  the  two  former  : 
but  many  of  the  Treatises  have 
been  entirely  re-written,  others 
greatly  modified,  and  all  care- 
fully revised,  either  by  the 
original  Authors  or  by  surgeons 
of  known  authority  on  the  topics 
in  question.  The  Editors  have 
thus  attempted  to  adapt  the 
book  to  the  great  changes  and 
advances  which  have  been  made 
in  surgery  during  the  interval 
since  its  last  publication  ;  whilst 


the  publishers  have  been  en- 
abled, by  careful  condensation 
on  the  part  of  the  Authors,  and 
by  the  use  of  a  less  expensive 
style  of  typography,  to  issue  the 
work  at  a  reduced  price,  and  at 
the  same  time  to  add  largely  to 
the  illustrations.  It  is  hoped 
that  the  new  edition  will  main- 
tain the  reputation  of  the  System 
of  Surgery  as  a  faithful  mirror 
of  the  teaching  and  practice  of 
surgery  in  England  at  the  pre- 
sent day. 
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WORICS  ON  MEDICINE,  SURGERY  &^c. 


QUAIN'S   ELEMENTS  OF  ANATOMY 

1  he  Ninth  Edition     Re-edited  by  Allen  Thomson.  M.D,  LL.D., 
r.K.b.,  J..  6c  L.,  formerly  Professor  of  Anatomy  in  the  UniverKitv  of 

feoJvin  n'^''^  "^"^  ^'1'^'''''  F.R.S./Assistant  Professo^  o 
IwtriF    A    r'""''-^  Col  ege,  London  ;  and  George  Dancer  Tiiane, 
ct  lUu  i         ''"'^      University  College,  London.    With  upwards  of 


Coloured.    2  vols,  medium  8vo,  price  I'Ss.  each. 

^NATOMY,  DESCRIPTIVE  AND  SURGICAL. 

hLS;;i'''\v^-!i'''''  °"  A»^tomy  at  St.  George's 

S        r.^^  n  -^57^^'^^  Illustrations;  those  in  the  fist 

hv        A    i'  D;:awings  by  Dr.  Carter,  from  Dissections  made 

by  the  Author  and  Dr.  Carter;  the  additional  Drawings  in  the  Second 
and  subseqvient  Editions  by  Dr.  Westmacott,  and  other  Demonstrators  of 
Ana  omy.  The  Tenth  Edition,  re-edited  by  T.  Pickering  Pick,  Surgeon 
r  V^T^  s  Hospital;  Examiner  in  Anatomy,  Royal  College  of  Surgeons 
of  England.    Royal  8vo,  30J.  ^ 

MANUAL  OF  OPERATIVE  SURGERY  ON 

THE  DEAD  BODY. 

By  Thomas  Smith,  Surgeon  to,  and  Lecturer  on  Anatomy  at,  St.  Ear- 
tliolomews  Hospital.    A  New  Edition,  re-edited  by  W.  J.  Walsham 
Demonstrator  of  Anatomy  and  Operative  Surgery  to  St.  Bartholomew's 
Hospital  Medical  School.   With  46  Illustrations.    8vo,  price  12s. 


A  N  ATOMIC  A  L  OUTLINES   FOR  THE  USE 

OF  STUDENTS  IN  THE  DISSECTING  ROOM. 
By  Arthur  Hensman,  Senior  Demonstrator  of  Anatomy  at  the  Middle- 
sex Hospital.  Comprising  117  Plates  from  original  Drawings  by  Arthur 
E.  Fisher,  with  Explanatory  Tables  by  Mr.  Hensman.  Complete  in 
super-royal  8vo,  in  Four  Parts,  each  to  be  had  separately.  Part  I.  The 
Upper  Limb,  6d.  ;  Part  II.  The  Lcnijer  Limb,  3J.  6a'.;  Part  III.  The 
77wr<7x  and  Abdomen,  3^.  6d.  ;  Part  IV.  The  Head  and  Neck,  6d. 

(COMPARATIVE   ANATOMY   AND  PHYSIO- 
LOGY OF  THE  VERTEBRATE  ANIMALS. 
By  Richard  Owen,  F.R.S.,  Superintendent  of  the  Nat.  Hist.  Depart- 
ments, British  Museum.     3  vols.  8vo,  with  1,472  Woodcuts,  73J.  6d. 
Vol,  I.  Fishes  and  Reptiles,  with  452  Woodcuts,  2iJ-. 
Vol.  II.  Warm-blooded  Vertebrates,  with  406  Woodcuts,  2IJ. 
Vol.  hi.  Mammalia,  inchcding  Man,  with  614  Woodcuts,  3IJ.  ^d. 

^ABLETS    OF    ANATOMY    AND  PHYSIO- 

^  LOGY. 

By  Thomas  Cooke,  F.R.C.S.,  Senior  Assistant-Surgeon  to  the  West- 
minster Hospital,  and  Lecturer  at  the  School  of  Anatomy,  Physiology,  and 
Operative  Surgery.  Being  a  Synopsis  of  I^.emonstrations  given  in  the 
Westminster  Hospital  Medical  School,  A.D,'  1871-1875.  With  an  Ap- 
pendix containing  most  of  the  New  Discoveries  of  Importance.  Anatomy, 
complete,  Second  Edition.  4to,  price  \$s.  Physiology,  comjiiete,  Second 
Edition.    4to,  price  lOi'. 

***  These  Tablets  may  still  be  had  in  separate  Fasciculi  as  originally  published. 


PUBLISHED  BY  MESSRS.  LONGMANS  <2r-  CO. 


EXPERIMENTAL  PHYSIOLOGY,  ITS  BENE- 

^     FITS  TO  MANKIND  ;  ^  ., 

With  an  Address  on  Unveiling  the  Statue  of  William  Harvey  at  Folke- 
stone, August,  i88i.    By  Richard  Owen,  F.R.S.,  &c.    Crown  8vo,  5^. 

OUTLINES  OF  PHYSIOLOGY,  HUMAN  AND 

^  COMPARATIVE. 

By  John  Marshall,  F.R.S.,  Professor  of  Surgery  in  University 
College,  London;  Surgeon  to  the  University  College  Hospital.  With 
122  Woodcut  Illustrations.    2  vols,  crown  Svo,  32J. 
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OTES   ON   PHYSIOLOGY  FOR   THE  USE 

OF  STUDENTS  PREPARING  FOR  EXAMINATION. 
By  Henry  Ashby,  M.D.  Lond.,  Physician  to  the  General  Hospital  for 
Sick  Children,  Manchester;  formerly  Demonstrator  of  Physiology,  Liverpool 
School  of  Medicine.    Third  Edition,  thoroughly  revised,  with  new  matter 
added  in  several  of  the  Sections,    iSmo,  price  5j. 

EALTH  IN  THE  HOUSE. 

Twenty-five  Lectures  on  Elementary  Physiology  in  its  application  to  the 
Daily  wants  of  Man  and  Animals.  By  Mrs.  C.  M.  Buckton,  Member 
of  the  Leeds  School  Board.  Twelfth  Edition,  thoroughly  revised ;  with 
41  Woodcuts  and  Diagrams.    Small  Svo,  price  "zs. 


T  ECTURES    ON    THE    PRINCIPLES  AND 

PRACTICE  OF  PHYSIC. 

Delivered  at  King's  College,  London,  by  SiR  Thomas  Watson,  Bart., 
M.D.,  F.R.S.,  Hon.  LL.B.  Cantab.,  Hon.  D.C.L.  Oxon.,  &c.,  Physician- 
in- Ordinary  to  the  Queen.  Fifth  Edition,  revised  and  enlarged,  with  two 
Plates.     2  vols.  Svo,  price  36J. 

CLINICAL  LECTURES  AND  ESSAYS. 

By  Sir  James  Paget,  Bart,  F.R.S.,  D.C.L.  Oxon.,  LL.D.  Cantab., 
&c,,  Serjeant-Surgeon  to  the  Queen,  Surgeon  to  the  Prince  of  Wales, 
Consuhing- Surgeon  to  St.  Bartholomew's  Hospital.  Edited  by  F.  Howard 
Marsh,  Assistant- Surgeon  to  St.  Bartholomew's  Hospital.  Second  Edi- 
tion, revised.    Svo,  15^. 


EXAMINATION  QUESTIONS  IN  ANATOMY, 

PHYSIOLOGY,  BOTANY,  MATERIA  MEDICA,  SURGERY, 
MEDICINE,  MIDWIFERY,  AND  STATE-MEDICINE. 
Arranged  by  H.  A.  Husband,  M.B.,  M.C.,  M.R.C.S.,  L.S.A.,  &c. 
Third  Edition,  revised  and  augmented.    321110,  price  4J.  6(/. 


WORKS  ON  MEDICINE,  SURGER  Y 


DICTIONARY  OF  MEDICINE  ; 

Including  General  Pathology,  General  Therapeutics,  Hygiene,  and  the 
Diseases  peculiar  to  Women  and  Children.  By  Various  "Writers.  Edited 
by  Richard  Quain,  M.D.,  F.R.S.,  Fellow  of  the  Royal  College  of 
Physicians,  Consulting  Physician  to  the  Hospital  for  Consumption, 
Brompton.  Pp.  1,836,  with  138  Illustrations  engraved  on  wood.  I  Vol., 
Medium  8vo,  3U.  6d.  cloth,  ov  40s.  half-russia.  To  be  had  also  in  Two 
Volumes,  price  34.?.  cloth. 


"J^HE  MEDICAL  LANGUAGE  OF  ST.  LUKE. 

A  Proof  from  Internal  Evidence  that  the  Gospel  according  to  St.  I-uke  and 
the  Acts  of  the  Apostles  were  written  by  the  same  person,  and  that  the 
Writer  was  a  Medical  Man.  By  the  Rev.  Wilt.iam  Kirk  Hobart, 
LL.I).  Ex-8cholar,  Trinity  College,  Dublin.    8vo,  16s. 


"pHE  SENSES  AND  THE  INTELLECT. 

By  Alexander  Bain,  LL.D.,  Professor  of  Logic  in  the  University  of 
Aberdeen.  Third  Edition,  with  numerous  Emendations,  and  a  Review  of 
Darwin  on  Expression  as  a  Postscript.    8vo,  15J. 

'Y'HE  EMOTIONS  AND  THE  WILL. 

By  the  same  Author.  Third  Edition,  thoroughly  revised,  and  in  great  part 
re-written.    8vo,  price  i^s. 


A/TENTAL  AND  MORAL  SCIENCE: 

A  Compendium  of  Psychology 
Edition.    Crown  8vo,  los.  6d, 


A  Compendium  of  Psychology  and  Ethics.    By  the  same  Author.  Fourth 


T  OGIC,   DEDUCTIVE  AND  INDUCTIVE. 

By  the  same  Author.  In  Two  Parts,  crown  8vo,  price  ioj.  6c/.  Each 
Part  may  be  had  separately  : — 


Part  I.,  Deduction,  price  4f.  ;  Part  II.,  Induction,  price  6j.  dd. 


E    HISTORY   OF    PHILOSOPHY  FROM 

THALES  TO  COMTE. 
By  George  Henry  Lewes.    Fourth  Edition,  re-written  and  greatly 
enlarged.    2  vols.  8vo,  price  32J. 


A     SYSTEM    OF    LOGIC,  RATIOCINATIVE 

^    AND  INDUCTIVE; 

Being  a  Connected  View  of  the  Principles  of  Evidence  and  the  Methods  of 
Scientific  Investigation.    By  John  Stuart  Mill.    The  Tenth  Edition. 
2  vols.    8vo,  price  25J. 

fJANDBOOK   OF  J.  S.  MILL'S  SYSTEM  OF 

LOGIC. 

By  the  Rev.  A.  II.  Killick,  M.A.   Third  Edition.    Crown  8vo,  is.  6d. 
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A    MANUAL  OF  PATHOLOGY, 

Including  General  Pathology  and  Pathological  Anatomy.  By  Joseph 
Coats,  M.D.,  &c.  ;  Pathologist  and  Lecturer  on  Pathology  in  the  Western 
Infirmary,  Examiner  in  Pathology  in  the  University  of  Glasgow,  lately 
President  of  the  Pathological  and  Clinical  Society  of  Glasgow. 

[7«  preparation . 

T  ECTURES  ON  SURGICAL  PATHOLOGY, 

Delivered  at  the  Royal  College  of  Surgeons- of  England.  By  Sir  James 
Paget,  Bart.,  F.R.S.,  D.C.L.  Oxon.,  LL.D.  Cantab.,  &c.,  Serjeant- 
Surgeon  to  the  Queen,  Surgeon  to  the  Prince  of  Wales,  Consulting- 
Surgeon  to  St.  Bartholomew's  Hospital.  Third  Edition,  re-edited  by  the 
Author  and  W.  Turner,  M.B.    8vo,  with  131  Woodcuts,  ^\s. 


QN   IN-KNEE   DISTORTION   (Genu   Valgum)  : 

Its  Varieties  and  Treatment  with  and  without  Surgical  Operation.  By  W. 
J.  Little,  M.D.,  F.R.C.P. ;  Author  of  "The  Deformities  of  the  Pluman 
Frame,"  &c.  Assisted  by  MuiRHEAD  Little,  M.R.C.S.,  L.R.C.P. 
With  40  Woodcut  Illustrations.    Second  Edition.    8vo,  price  7j.  ()d. 


QN  CONCUSSION  OF  THE  SPINE,  NERVOUS 

^  SHOCKS, 

And  other  Obscure  Injuries  of  the  Nervous  System  in  their  Clinical  and 
Medico-Legal  Aspects.  By  JoiiN  Eric  Ericiisen,  F.R.S.,  &c.  ;  Surgeon 
Extraordinary  to  the  Queen.  New  and  Revised  Edition.  Crown  8vo,  price 
loj'.  dd. 
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TREATISE  ON  MEDICAL  ELECTRICITY, 

THEORETICAL  AND  PRACTICAL; 

And  its  Use  in  the  Treatment  of  Paralysis,  Neuralgia,  and  other  Diseases. 
By  Julius  Althaus,  M.D.,  &c..  Senior  Physician  to  the  Infirmary  for 
Epilepsy  and  Paralysis.  Third  Edition,  enlarged  and  revised  ;  with  147 
Illustrations  engraved  on  Wood.    8vo,  price  iSs. 


A    HANDBOOK    ON    DISEASES    OF  THE 

^  SKIN, 

With  especial  reference  to  Diagnosis  and  Treatment.  By  Robert  Liveing, 
^LA.  &  M.D.  Cantab.,  F.R.C.P.  Lond.,  &c.,  Physician  to  the  Depart- 
ment for  Diseases  of  the  Skin  at  the  Middlesex  Hospital.  Third  Edition, 
revised.    Fcap.  8vo,  price  ^s. 

]>y[OTES  ON  THE  TREATMENT  OF  SKIN  DISEASES. 

By  the  same  Author.    Fifth  Edition.    i8mo,  price  3J. 

gLEPHANTIASIS  GR^CORUM,  or  TRUE  LEPROSY; 

Being  the  Goulstonian  Lectures  for  1873.  By  the  same  Author.  Cr.8vo,4J.  ej. 
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ON  BRONCHITIS, 

And  the  Morbid  Conditions  connected  with  it.  Bein?  Clinical  Lectures 
delivered  at  the  Middlesex  Hospital.    By  E.  HeadLam  Greemiow, 

\i\r-'?;^-'  ^^'^  ^^^y-'^l  ^'°"^g<^  of  Physicians,  and  Pliy.ician 

to  tlie  Middlesex  Plospital.  Second  Edition,  revised  and  greatly  enlarged 
ovo,  price  los.  6d. 

QN  ADDISON'S  DISEASE, 

Being  the  Croonian  Lectures  for  1875,  delivered  before  the  Royal  College 
ot  1  hysicians,  revised  and  illustrated  by  Reports  of  Cases.  By  tlie  same 
Author.    With  5  Plates  of  Figures  (3  coloured).    Svo,  price  12s.  6d. 

CLINICAL  LECTURES  ON  DISEASES  OF  THE 

LIVER,  JAUNDI.CE  AND  ABDOMINAL  DROPSY; 
Including  the  Croonian  Lectures  on  Functional  Derangements  of  'the  Liver 
delivered  at  the  Royal  College  of  Physicians  in  1874.  By  Charles 
MuRCHisoN,  M.D.,  LL.D.,  F.R.S.,  &c.;  Physician  and  Lecturer  on  the 
Principles  and  Practice  of  Medicine,  St.  Thomas's  Hospital.  Second 
Edition,  thoroughly  revised  and  enlarged  ;  with  37  Illustrations  engraved 
on  Wood.    Svo,  price  2 1  J. 

TREATISE  ON  THE  CONTINUED  FEVERS 

OF    GREAT  BRITAIN. 

By  Charles  Murchison,  M.D.,  LL.D.,  F.R.S.,  &c.,  Fellow  of  the 
Royal  College  of  Physicians  ;  Physician  and  Lecturer  on  the  Principles 
and  Practice  of  Medicine,  St.  Thomas's  Hospital.  Second  Edition, 
thoroughly  revised  and  enlarged  ;  with  5  Chromolithographs,  19  Diagrams 
in  Lithography,  and  22  Illustrations  engraved  on  Wood.    Svo,  price  2^. 
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TREATISE  ON  GOUT  AND  RHEUMATIC 

GOUT  (RHEUMATOID  ARTHRITIS). 

By  Alfred  Baring  Garrod,  M.D.,  F.R.S.,  &c.;  Consulting  Physician 
to  King's  College  Hospital.  Thii-d  Edition,  thoroughly  revised  and  en- 
larged ;  with  6  Plates,  comprising  21  Figures  (14  Coloured),  and  27  Illus- 
trations engraved  on  Wood.    Svo,  price  2\s. 
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IMALAYAN  AND  SUB-HIMALAYAN  DIS- 
TRICTS OF  BRITISH  INDIA, 

Their  Climate,  Medical  Topography,  and  Disease  Distribution  :  with  reasons 
for  assigning  a  Malarious  Origin  to  Goitre,  and  some  other  Diseases.  By 
F.  N.  Macnamara,  M.D.,  F.R.G.S.,  Surgeon-Major  (retired).  Indian 
Medical  Service,    With  Map  and  Fever  Chart.    Svo,  price  21J. 

DISEASES  OF  THE  KIDNEY  AND  URINARY 

DERANGEMENTS. 

By  W.  HowsHiP  Dickinson,  M.D.  Cantab.,  F.R.C.P.,  &c.,  Physician  to, 
and  Lecturer  on  Medicine  at,  St.  George's  Hospital.  In  Three  Parts. 
Part  I.— Diabetes,  with  3  Plates  of  Figiires  and  17  Woodcuts.  Svo, 
price  los.  6d.  Part  II.— Albuminuria,  with  11  Plates  and  31  Woodcuts, 
price  20J-. 

*  *  The  Two  Parts  may  be  had  separately,  each  an  independent  work  : 
PAR*r  I.— Diabetes,  price  \2s.  cloth.  Part  II.— Being  the  Second  Edition 
Revised  of  Dr.  Dickinson's  "  Pathology  and  Treatment  of  Albuminuria,  ' 
price  2is.  cloth.    Part  III.,  completing  the  work,  is  in  the  Press. 
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pLINICAL  RESEARCHES   ON   DISEASE  IN 

^    INDIA.  . 

By  Charles  Morehead,  M.D.,  Surgeon  to  the  Jamsetjee  Jeejeebhoy 
Hospital.     Second  Edition,  thoroughly  revised.    8vo,  21s. 

ON  THE  USE  OF  THE  LARYNGOSCOPE  IN 

^    DISEASES  OF  THE  THROAT; 

With  an  Appendix  on  Rhinoscopy.  By  Morell  Mackenzie,  M.D. 
Lond.,  Senior  Physician  to  the  Hospital  for  Diseases  of  the  Throat  and 
Chest,  and  Lecturer  on  Diseases  of  the  Throat  at  the  London  Hospital, 
Third  Edition,  revised  and  enlarged;  with  47  Woodcut  Illustrations, 
8vo,  price  6j.  

J^ENTAL  PATHOLOGY  AND  SURGERY. 

By  S.  James  A.  Salter,  M,B.,  F,R.S.,  Examiner  in  Dental  Surgery  at 
the  College;  Dental  Surgeon  to  Guy's  Hospital.  With  133  Illustrations. 
8vo,  price  18s. 


QUNSHOT  INJURIES. 

Their  History,  Characteristic  Features,  Complications,  and  General  Treat- 
ment ;  with  Statistics  concerning  them  as  they  are  met  with  in  Warfare. 
By  Surgeon-General  T,  LoNGMORE,  C.B.,  F.R.C.S.,  Honorary  Surgeon 
to  H.M.  Queen  Victoria  ;  Professor  of  Military  Surgery  in  the  Army 
Medical  School.    With  58  Illustrations.    8vo,  price  31s.  dd. 


gAN  REMO  AND  THE  WESTERN  RIVIERA; 

Comprising  Bordighera,  Mentone,  Monaco,  Eze,  Beaulieu,  Villefranche, 
Nice,  Caraba9el,  Cimiez,  Cannes,  Porto  Maurizio,  Diano  Marina,  Alassio, 
Verezzi,  Finalmarina,  Noli,  Monte  Grosso,  Arenzano,  Pegli,  Cornigliano, 
Genoa,  and  other  towns — climatically  and  medically  considered.  By 
Arthur  Hill  Hassall,  M.D,  Map  and  Woodcuts,  Crown  8vo,  ioj.  6d. 

W/INTERING  IN   THE  RIVIERA; 

With  Notes  of  Travel  in  Italy  and  France,  and  Practical  Hints  to  Travel- 
lers. By  William  Miller,  S.S.C.  Edinburgh.  Second  and  Cheaper 
Edition,  with  12  Lithographic  Illustrations.    Post  8vo,  7^,  6d, 


§mnm  of  Wimtn  mxii  Chilton,  miir  |p0p,lar 


THE    DIAGNOSIS    AND    TREATMENT  OF 

DISEASES  OF  WOMEN,  INCLUDING  THE  DIAGNOSIS 
OF  PREGNANCY. 

By  Graily  Hewitt,  M.D.,  Professor  of  Midwifery  and  Diseases  of 
Wornen,  University  College,  and  Obstetric  Physician  to  the  Hospital,  New 
Edition,  being  the  Fourth,  in  great  part  re-written  and  much  enlarged,  with 
2X1  Engravings  on  Wood,  of  which  79  are  new  in  this  Edition.  8vo, 
price  24.r. 
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JVOA'/srS  ON  MEDICINE,  SURGERY  ^c. 


T^pat^ology'^^^^'^^  system  of  uterine 

Being  the  Harveian  Lectures  dcHvered  before  tlie  Harveian  Societv  of 
London.  December.  1877.     By  Gkau,y  Hewitt,  M.D     'roS  o 
Muhyifery  and  Diseases  of  Women,  University  Collcee   and  OU?^f  Z 
Physican  to  the  Hospital  ;  Examiner  in  ObsteYric  Medicine Sf  U  ^ 
^^"^.^^-^^"^^  prepared  ^xpl!;^!;^;^. 

LECTURES  ON  THE  DISEASES  OF  INFANCY 

^  AND  CHILDHOOD.  ^x-rviN^l 
By  CllARi.ES  West,  M.  D. ,  &c.,  Founder  of  and  formerly  Physician  to  the 
Hospital  for  Sick  Children.  Sixth  Edition,  revised  and  edar^ed  8vo  18  ' 

fJINTS  TO  MOTHERS  FOR  THE  MANAGE- 
MENT OF  THEIR  HEALTH  DURING  THE  PERIOD  OF 
PREGNANCY  AND  IN  THE  LYING-IN  ROOM  : 
With  an  Exposure  of  Popular  Errors  in  connection  with  those  subjects,  and 
Hints  on  Nursing.  By  Thomas  Bull,  M.  D.  New  and  Cheaper  Edition 
thoroughly  revised  and  improved.    Fcap.  8vo,  price  u.  dd.  ' 

"THE  MATERNAL  MANAGEMENT  OF  CHILDREN 
IN  HEALTH  AND  DISEASE. 

By  the  same  Author.  New  and  cheaper  Edition,  thoroughly  revised  and 
improved.    Fcap.  8vo,  price  is.  6d. 

TfHE   HANDBOOK   FOR  MIDWIVES. 

By  Henry  Fly  Smith,  M.B.  Oxon.,  M.R.C.S.,  late  Assistant-Surgeon 
at  the  Hospital  for  Sick  Women,  Soho  Square.  With  41  Woodcuts. 
Crown  8vo,  price  5^. 


'THOMSON'S    CONSPECTUS    ADAPTED  TO 

THE  BRITISH  PHARMACOPOEIA. 

By  Edmund  Lloyd  Birkett.  M.D.,  &c.,  Physician  to  the  City  of 
London  Hospital  for  Diseases  of  the  Chest.  Latest  Edition,  with  Supple- 
ment containing  Notices  of  the  Medicines  and  Preparations  added  in 
1874  to  the  British  Pharmacopoeia.    i8mo,  6j. 

nnHE   ESSENTIALS  OF   MATERIA  MEDICA 

^     AND  THERAPEUTICS. 

By  Alfred  Baring  Garrod,  M.D.,  F.R.S.,  Fellow  of  the  Royal  College 
of  Physicians  ;  Consulting  Physician  to  King's  College  Hospital ;  late  Pro- 
fessor of  Therapeutics  at  King's  College,  London.  The  Ninth  Edition, 
revised  and  edited,  under  the  supervision  of  the  Author,  by  E.  B.  Baxter, 
M.D.,  F.R.C.P.,  Professor  of  Materia  Medica  and  Therapeutics  in  King's 
College,  London  ;  Senior  Physician  to  the  Evelina  Hospital  for  Sick 
Children  ;  Assistant-Physician  to  King's  College  Hospital.  Crown  8vo, 
price  l2s.  6J, 
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R.   PEREIRA'S    MATERIA    MEDICA  AND 

THERAPEUTICS,  . 
Abridged,  and  adapted  for  the  use  of  Medical  and  Pharmaceutical  Prac- 
titionci-s  and  Students.  Edited  by  Professor  R.  Bentley,  M.R.C.S., 
F.L.S.,  and  by  Professor  T.  Redwood,  Ph.D.,  F.C.S.  With  an  Ap- 
pendix containing  the  New  Medicines  included  in  1874  by  the  Medical 
Council  in  the  British  Pharmacopoeia,  and  Commentaries  thereon  by  the 
Editors.    Svo,  with  126  Woodcuts,  price  25^. 


niCTIONARY   OF  CHEMISTRY   AND  THE 

^    ALLIED  BRANCHES  OF  OTHER  SCIENCES. 

By  Henry  Watts,  F.R.S.,  F.C.S. ,  Editor  of  the  Journal  of  the  Chemical 
Society,  assisted  by  eminent  Scientific  and  Practical  Chemists.  With  a 
Third  Supplement,  completing  the  Record  of  Cliemical  Discovery  to  the 
end  of  the  year  1878,  including  the  more  Important  Discoveries  made  in 
1879  and  1880.    9  vols.  Svo,  price  ;^I5  2s.  6d. 


£LEMENTS  OF  CHEMISTRY, 

Theoretical  and  Practical.  By  WiLLiAM  Allen  Miller,  M.D.,  D.C.L., 
LL.D.,  late  Professor  of  Chemistry  in  King's  College,  London.  Part  I.— 
CHEMICAL  PHYSICS.  Sixth  Edition,  revised  by  Herbert  McLeod, 
F.C.S.    With  274  Woodcuts.    Svo,  price  i6j. 

lyriLLER'S  ELEMENTS  OF  CHEMISTRY,  Part  II. 

INORGANIC  CHEMISTRY.  Sixth  Edition,  revised  throughout,  with 
Additions  by  C.  E.  Groves,  Fellow  of  the  Chemical  Societies  of  London, 
Paris,  and  Berlin.    With  376  Woodcuts.    Svo,  price  24J. 

]y[ILLER;S  ELEMENTS  OF  CHEMISTRY,  Part  IIL 


I 


ORGANIC  CHEMISTRY,  or  the  Chemistry  of  Carbon  Compounds. 
Hydrocarbons,  Alcohols,  Ethers,  Aldehydes  and  Paraffinoid  Acids.  Fifth 
Edition,  revised  and  in  great  part  re-written,  by  H.  E.  Armstrong, 
F.R.S.,  and  C.  E.  Groves,  F.C.S.    Svo,  price  3U.  dd. 

NTRODUCTION  TO  THE  STUDY  OF  IN- 

ORGANIC  CHEMISTRY. 

By  William  Allen  Miller,  M.D.,  D.C.L.,  LL.D.,  late  Professor  of 
Chemistry  in  King's  College,  London.  With  71  Figures  on  Wood. 
Small  Svo,  price  3J-.  ^d. 


QUANTITATIVE  CHEMICAL  ANALYSIS. 

^    By  T.  E.  Thorpe,  Ph.D.,  F.R.S.E.,  Professor  of  Chemistry  in  the 
Andersoman  University,  Glasgow.  With  88  Woodcuts.  Small  Svo,  4J.  bd. 


QUALITATIVE  CHEMICAL  ANALYSIS  AND 

LABORATORY  PRACTICE. 

By  T.  E  Thorpe,  Ph.D.,  F.R.S.E.,  Professor  of  Chemistry  in  the  Ander- 
soman University,  Glasgow;  and  M.  M.  Pattison  Muir.  With  Plate 
and  57  Woodcuts.    Small  Svo,  price  is.  6d. 


lo  _  WORKS  ON  MEDICINE,  SURGEHY  ^^c. 


A  COURSE  OF  PRACTICAL  CHEMISTRY, 

Arranged  for  the  use  of  Medical  Students,  vvitli  express  reference  to  the 
7.!""f^^Mo»^^^'^  Summer  Practice.    By  William  Odling,  M  A    F  R  S 
l-ifth  Edition,  with  71  Woodcuts.    Crown  8vo,  price  6j-.         "   ''    "   "  ' 

PRACTICAL   INORGANIC  CHEMISTRY. 

An  Elementary  Text-Book  of  Theoretical  and  Practical  Inorganic  Che- 
mistry, designed  chiefly  for  the  use  of  Students  of  Science  Classes  connected 
with  the  Science  and  Art  Department  of  the  Committee  of  Council  011 
Education.  By  William  Jago,  F.C.S.,  &c.,  Science  Master  at  Brighton 
College.    With  37  Woodcuts.    Fcap.  8vo,  2s. 

INTRODUCTION  TO  THE  STUDY  OF  OR- 
GANIC CHEMISTRY; 

The  Chemistry  of  Carbon  and  its  Compounds.  By  H.  E.  Armstrong, 
F.R.S.,  Sec.  Chem.  Soc.  2nd  Edition,  Avith  8  Woodcuts.  Small  8vo,  3^-.  6d. 

CHEMICAL    NOTES    FOR   THE  LECTURE 

ROOM  — ON  HEAT,  LAWS  OF  CHEMICAL  COMBINATION 
AND   CHEMISTRY    OF   THE  NON-METALLIC  ELEMENTS! 
By  Thomas  Wood,  Ph.D.,  F.C.S.    Third  Edition.    Crown  8vo,  5j. 
NOTES  ON  THE  METALS,  by  the  same  Author,  Second  Edition,  price  5J. 


PRACTICAL  CHEMISTRY; 

The  Principles  of  Qualitative  Analysis.  By  William  A.  Tilden,  D.  Sc. 
Lond.  F.C.S.    Fcp.  8vo,  price  is.  6d. 

INTRODUCTION   TO  THE   STUDY  OF  CHEMI- 
GAL  PHILOSOPHY  ; 

The  Principles  of  Theoretical  and  Systematic  Chemistry.  By  the  same 
Author.    With  5  Woodcuts.   Small  8yo,  3^.  6d. 


^NNALS  OF   CHEMICAL  MEDICINE; 

Including  the  Application  of  Chemistiy  to  Physiology,  Pathology,  Thera- 
peutics, Pharmacy,  Toxicology,  and  Hygiene.  Edited  by  J.  L.  W.  Thudi- 
CHUM,  M.D.    Vols.  I.  and  II.,  price  14J.  each. 

YHE  ART  OF  ELECTRO-METALLURGY, 

Including  all  known  Processes  of  Electro-Deposition.  By  G.  Gore,  LL.D., 
F.R.S.    With  Woodcuts  and  Diagrams.    Small  8vo,  6.r. 

EXPERIMENTAL  CHEMISTRY 

For  Junior  Students.  By  J.  Emerson  Reynolds,  M.D., F.R.S. ,  Professor 
of  Chemistiy,  Univ.  of 'Dublin.  Fcp.  8vo,  with  numerous  Woodcuts. 
Part  \.— Introductory,  price  \s.  6d.  Part  ll.—Non-Meiah,  with  an 
Appendix  on  Systematic  Testing  for  Acids,  price  2s.  6d. 
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ON  ARTIFICIAL  MANURES, 

^  Their  Chemical  Selection  and  Scientihc  Applications  to  Agriculture  ;  a 
series  of  Lectures  given  at  the  Experimental  Farm,  Vincennes,  in  iSb;  and 
1874-75  By  Georges  VlLLE.  Translated  and  edited  by  W.  CROOKES, 
F.R.S.,  V.P.C.S.    Second  Edition,  with  31  Illustrations.   8vo,  price  2U. 

INDUSTRIAL  CHEMISTRY  ; 

*■  A  Manual  for  use  in  Technical  Colleges  or  Schools,  also  for  Manufacturers 
and  others,  based  on  a  Translation  of  Stohmann  and  Engler's  German 
Edition  of  Payen's  Precis  de  Chimie  Industnelle.  Edited  and  supple- 
mented with  Chapters  on  the  Chemistry  of  the  Metals,  &c.,  by  B.  H. 
Paul,  Ph.D.    With  698  Woodcuts.    Medium  Svo,  42^. 


piESSE'S  ART  OF  PERFUMERY, 

And  Methods  of  obtaining  the  Odours  of  Plants  ;  the  Growth  and  General 
Flower  Fai-m  System  of  raising  Fragrant  Herbs  ;  with  Instructions  for  the 
Manufacture  of  Perfumes  for  the  Handkerchief,  Scented  Powders,  Odorous 
Vinegars  and  Salts,  Snuff,  Dentifrices,  Cosmetics,  Perfumed  Soap,  &c.  To 
which  is  added  an  Appendix  on  Preparing  Artificial  Fiuit  Essences,  &c. 
Fourth  Edition,  with  100  Woodcuts.    Square  crown  Svo,  2\s. 


RRANDE'S  DICTIONARY  OF  SCIENCE,  LITE- 
RATURE, and  art,- 

Comprising  the  Definitions  and  Derivations  of  the  Scientific  Terms  in 
general  use,  together  with  the  Histoiy  and  Descriptions  of  the  Scientific 
Principles  of  nearly  every  branch  of  Human  Knowledge.  Re-edited  by  the 
Rev.  Sir  G.  W.  Cox,  Bart.,  M.A,    3  vols,  medium  Svo,  63J. 


TIRE'S  DICTIONARY  OF  ARTS,  MANUFAC- 
TURES, AND  MINES; 

Containing  a  clear  Exposition  of  their  Principles  and  Practice.  The  Seventh 
Edition,  completely  revised  and  greatly  enlarged  by  Robert  Hunt, 
F.R.S.,  Keeper  of  Mining  Records,  assisted  by  F.  W.  Rudler,  F.G.S. 
and  by  numerous  Contributors.  With  2,604  Woodcuts.  4  vols,  medium 
Svo,  price  7/.  7^-. 


£LEMENTARY  TREATISE  ON  PHYSICS; 

Experimental  and  Applied,  for  the  use  of  Colleges  and  Schools.  Trans- 
lated and  edited  from  Ganot's  Eliments  de  Physique  (with  the  Author's 
sanction)  by  E.  Atkinson,  Ph.D.,  F.C.S.,  Professor  of  Experimental 
Science,  Staff  College,  Sandhurst.  Tenth  Edition,  revised  and  enlarged, 
with  4  Coloured  Plates  and  844  Woodcuts.    Large  crown  Svo,  price  I5j-. 
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]S^ATURAL    PHILOSOPHY   FOR   GENERAL  I 

READERS  AND  YOUNG  PERSONS; 

Being  a  Course  of  Physics  divested  of  Mathematical  Formulce,  and  ex- 
piessed  in  the  language  of  daily  life.  Translated  from  Ganot's  Cours  de 
Fhysujite  [\s\S\\  the  Author's  sanction)  by  E.  Atkinson,  Ph.D.,  F.C.S, 
Fourth  Edition,  carefully  revised ;  with  25  pages  of  New  Matter,  2 
Coloured  Plates,  and  471  Woodcuts.    Crown  8vo,  price  ^s.  6d. 

ARNOTrS    ELEMENTS    OF    PHYSICS  OR 

^       NATURAL  PHILOSOPHY. 

Seventh  Edition,  edited  by  A.  Bain,  LL.D.,  and  A.  S.  Taylor,  M.D., 
F.R.S.    Crown  8vo,  Woodcuts,  12s.  (yd, 

fJEAT  A  MODE  OF  MOTION. 

By  John  Tyndall,  LL.D.,  D.C.L.,F.R.  S.,  Professor  of  Natural  Philosophy 
in  the  Royal  Institution  of  Great  Britain.  Sixth  Edition  (Thirteenth 
Thousand),  thoroughly  revised  and  enlarged;  with  Frontispiece  and  123 
Woodcuts.    Crown  8vo,  izs. 

5OUND. 

By  the  same  Author.  A  New  Edition,  being  the  Fourth,  thoroughly  revised, 
and  including  Recent  Researches.  Crown  Svo,  with  Woodcuts.   [/;/  Ihe  Press. 

LECTURES  ON  LIGHT  delivered  in  America  in  1872 

and  1873.  By  the  same  Author.  Second  Edition,  with  Portrait  engiaved 
on  Steel,  i  Lithographic  Plate,  and  59  Diagi-ams.  Crown  8vo,  price  7^.  6d. 

T  ESSONS    IN    ELECTRICITY  AT  THE  ROYAL 
^     INSTITUTION  OF  GREAT  BRITAIN,  1875-76. 

By  the  same  Author.    With  58  Woodcuts.    Crown  Svo,  2s.  6d. 

TSJOTES  OF  A  COURSE  OF  SEVEN  LECTURES 

-'■^     ON    ELECTRICAL  PHENOMENA  AND  THEORIES.    By  the 
same  Author.    Crown  8vo,  price  is.  sewed,  or  is.  6d.  cloth. 

"NJOTES  OF  A  COURSE  OF  NINE  LECTURES  ON 

LIGHT.    By  the  same  Author.    Crown  8vo,  is.  sewed,  or  is.  6d.  cloth. 

pRAGMENTS  OF  SCIENCE; 

A  Series  of  Detached  Essays,  Addresses,  and  Reviews.     By  the  same 
Author.    Sixth  Edition,  revised  and  augmented.    2  vols,  post  Svo,  i6j. 

T^ESEARCHES    ON    THE    FLOATING  MATTER 

OF  TPIE  AIR  IN  RELATION  TO  PUTREFACTION  AND  IN- 
FECTION.   With  24  Woodcuts.    Crown  Svo,  7j.  6d. 


npEXT-BOOK  OF  PHYSICAL  OPTICS. 

By  R.  T.  Glazebrook,  M.A.,  Fellow  and  Lecturer  of  Trinity  College, 
Cambridge.    Small  Svo,  with  numerous  Woodcuts,  price  6s. 


VIBRATORY  MOTION  AND  SOUND. 

^  By  J.  D.  Everett,  M.A.,  D.C.L.,  F.R.S.,  F.R.S.E.  ;  Professor  of 
Natural  Philosophy  in  the  Queen's  College,  Belfast.  With  48  Woodcuts 
and  4  Lithographic  Plates  of  Diagrams.    Svo,  price  p.  dd. 
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AIR  AND  RAIN; 

The  Beginnings  of  a  Chemical  Climatology.  By  RoHERT  ANGUS  Smith, 
Ph.D.,  F.R.S.,  F.C.S.  (General)  Inspector  of  Alkali  Works  for  the  Govern- 
ment.   With  8  Illustrations.    8vo,  price  24J. 

npHE  CORRELATION  OF  PHYSICAL  FORCES. 

Sixth  Edition,  with  other  contributions  to  Science.  By  the  Hon.  Sir  W. 
R.  Grove,  M.A.,  F.R.S.,  one  of  the  Judges  of  the  Court  of  Common 
Pleas.    8vo,  price  i$s. 


A  SHORT  MANUAL  ON  HEAT  FOR  THE  USE 

OF  SCHOOLS  AND  SCIENCE  CLASSES.  By  the  Rev.  A.  Irving, 
B.A.  and  B.Sc,  Second  Master  of  the  High  School,  Nottingham.  With 
33  Diagrams.    Small  8vo,  price  2s.  6d. 

npHEORY  OF  HEAT. 

By  J.  Clerk  Maxwell,  M.A.,  LL.D.  Edin.,  F.R.SS.  L.  &  E.,  Professor 
of  Experimental  Physics  in  the  University  of  Cambridge.  With  41  Wood- 
cuts and  Diagrams.    Small  8vo,  price  3^.  6(/. 


"J^HERMODYNAMICS. 

By  Richard  Wormell,  D.Sc,  M.A.,  Head-Master  of  the  Middle-Class 
Corporation  School,  London.  Edited  by  Professor  G.  C.  Foster, 
F.R.S.,  and  P.  Magnus,  B.Sc,  B.A.  With  41  Diagrams.  Fcp.  Svo, 
price  I)-.  6c^. 

ELEMENTS  OF  ASTRONOMY. 

By  Robert  S.  Ball,  LL.D.,  F.R.S.,  Professor  of  Astronomy  in  the 
University  ofDublm,  and  Royal  Astronomer  of  Ireland.  With  136  Figures 
and  Diagrams.    Small  Svo,  price  6s. 

OUTLINES  OF  ASTRONOMY. 

By  Sir  John  F.  W.  Herschel,  Bart.,  K.H.,  &c..  Member  of  the  Insti- 
tute of  France.    Twelfth  Edition,  with  9  Plates,  and  numerous  Diagrams 
Square  crown  Svo,  price  12s. 

CELESTIAL  OBJECTS  FOR  COMMON  TELE- 

SCOPES. 

l^'^  J^S:":  T-  W.  Webb,  M.  A.    Fourth  Edition,  adapted  to  the  Present 
State  of  Sidereal  Science  ;  Map,  Plate,  Woodcuts.    Crown  Svo,  price  9^. 

A  NEW  STAR  ATLAS, 

For  the  Library,  the  School,  and  the  Observatoiy,  in  Twelve  Circular  Maps 
(with  Two  Index  Plates).    Intended  as  a  Companion  to  '  Webb's  Celestial 

Stu?v  of  ?L  qT"'°?l/?'f      •'  ^  Letterpress  Introduction  on  the 

Study  of  the  Stars  Illustrated  by  9  Diagrams.  By  Richard  A.  Proctor, 
13.A.,  lion.  Sec.  R.A.S.    Crown  Svo,  price  5j. 

T^,^,,SUN:   RULER,   LIGHT,    FIRE,  AND 

LIFE  OF  THE  PLANETARY  SYSTEM. 

By  Richard  A.  Proctor,  B.A.  Third  Edition,  revised  ;  with  q  Plates 
(7  coloured)  and  no  Figures  engraved  on  Wood.    Crown  Svo,  pHce  n!! 
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'PHE   MOON  ; 

Her  Motions,  Aspects,  Scenery,  and  Physical  Condition.  By  RicHARD 
A.  Proctor,  B.A.  With  Plates,  Charts,  Woodcuts,  and  Lunar  Photo- 
graphs.   Crown  8vo,  loj.  6^/. 

QTHER  WORLDS  THAN  OURS; 

The  Plurality  of  Worlds  Studied  under  the  Light  of  Recent  Scientific 
Researches.  By  the  same  Author.  Fifth  Edition,  revised  and  enlarged  ; 
with  14  Illustrations  (6  coloured).    Crown  8vo,  price  \os.  6d. 

'pHE  ORBS  AROUND  US; 

A  Series  of  Familiar  Essays  on  the  Moon  and  Planets,  Meteors  and  Comets, 
the  Sun  and  Coloured  Pairs  of  Suns.  By  the  same  Author.  Second 
Edition,  with  Chart  and  4  Diagrams.    Crown  Svo,  price  7j.  6d. 

'TRANSITS  OF  VENUS. 

A  Popular  Account  of  Past  and  Coming  Transits,  from  the  First  Observed 
by  Horrocks,  a.d.  1639,  to.  the  Transit  of  a.d.  2012.  By  the  same  Author. 
Fourth  Edition,  with  20  Plates  (12  Coloured)  and  38  Woodcuts.  Svo, 
price  8j.  6d. 

STUDIES  OF  VENUS-TRANSITS. 

An  Investigation  of  the;  Circumstances  of  the  Transits  of  Venus  in  1874  and 
1882.  By  the  same  Author.  With  7  Diagrams  and  10  Plates  of  Figures. 
8vo,  5^. 

gSSAYS  ON  ASTRONOMY; 

A  Series  of  Papers  on  Planets  and  Meteors,  the  Sun  and  Sun-surrounding 
Space,  Stars,  and  Star  Cloudlets  ;  and  a  Dissertation  on  the  approaching 
Transit  of  Venus.  By  the  same  Author.  With  10  Plates  and  24  Wood- 
cuts.   Svo,  price  12s. 

TREATISE  ON  THE  CYCLOID, 

And  on  all  forms  of  Cycloidal  Curves,  and  on  the  use  of  Cycloidal  Cun-es 
in  dealing  with  the  Motions  of  Planets,  Comets,  &c.,  and  of  Matter  pro- 
jected from  the  Sun.    By  the  same  Author.    Crown  Svo,  los.  6d.  , 

LIGHT  SCIENCE  FOR  LEISURE  HOURS; 

A  Series  of  Familiar  Essays  on  Scientific  Subjects,  Natural  Phenomena,  &c. 
By  the  same  Author.  First,  Second,  and  Third  Series.  Cro^\'n  Svo,  price 
7j.  6d.  each. 
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HANDBOOK    OF    PRACTICAL  TELE- 
GRAPHY. 

By  R.  S,  CULLEY,  Member  Inst.  C.E.,  Engineer-in-chief  of  Telegi-aphs  to 
the  Post  Office.  The  Seventh  Edition,  revised  and  enlarged  ;  with  132 
Woodcuts  and  18  Lithographic  Plates  of  Apparatus.    Svo,  price  l6s. 

'T-EXT-BOOK  oFtELEGRAPHY. 

By  W.  H.  Preece,  C.E.,  Divisional  Engineer,  P.O.  Telegraphs;  and 
J.  SiVEWRTGHT,  M.A.,  Superintendent  (Engineering  Department)  P.O. 
Telegi-aphs.  With  160  Figiues  and  Diagrams  engraved  on  wood.  Small 
8x0,  3s.  6d.  .  ..^^^,.^^^^,.,^,.,.r...  

^  TREATISE  '6^^  PHOTOGRAPHY. 
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'pEXT-BOOK  OF  SYSTEMATIC  MINERALOGY. 

By  Hilary  Baukrman,  F.G.S.,  Associate  of  the  Royal  School  of  Mines. 
With  372  Woodcuts.    Small  8vo,  6s. 

IVfETALS,  THEIR  PROPERTIES  and  TREAT- 
MENT. . 

By  C.  L.  Bloxam,  Professor  of  Chemistry  in  King's  College,  London. 
With  105  Figures  on  Wood.  New  Edition,  partially  re-written  and 
augmented,  by  A.  K.  HUiNTINGTON,  Professor  of  Metallurgy  in  King's 
College,  London.    Small  8vo,  price  $s. 

jy[ANUAL  OF  PRACTICAL  ASSAYING. 

By  John  Mitchell,  F.C.S.  Fifth  Edition,  in  which  are  incorporated 
all  the  recent  valuable  improvements  in  Assaying ;  including  Volumetric 
and  Colorimetric  Assays,  and  the  Blowpipe  Assays.  Edited  and  re-written 
by  W.  Crookes,  F.R.S.,  with  188  Woodcuts.    8vo,  3IJ.  6d. 


^  PRACTICAL  TREATISE  ON  METALLURGY, 

Adapted  from  the  last  German  Edition  of  Professor  Kerl's  Metallurgy, 
by  William  Crookes,  F.R.S.,  and  Ernst  Rohrig,  Ph.D.  3  vols. 
8vo,  price  4/.  19J. 


T 


HE  TREASURY  OF  BOTANY,  OR  POPULAR 

DICTIONARY  OF  THE  VEGETABLE  KINGDOM; 
With  whicli  is  incorporated  a  Glossary  of  Botanical  Terms.    Edited  by 
J.  Lindley,  M.D,,  F.R.S.,  and  T.  Moore,  F.L.S.,    With  20  Steel 
Plates,  and  numerous  Woodcuts.    2, Parts,  fcap.  8vo,  \2s. 

LOUDON'S  ENCYCLOPEDIA  OF  PLANTS : 

Comprising  the  Specific  Character,  Description,  Culture,  History,  Applica- 
tion in  the  Arts,  and  eveiy  other  desirable  particular  respecting  all  the 
plants  indigenous  to,  cultivated  in,  or  introduced  into,  Britain.  Corrected 
by  Mrs.  Loudon.    8vo,  with  above  12,000  Woodcuts,  price  42J-; 

r)ECAISNE  &  LE  MAOUT'S  GENERAL  SYS- 

^    TEM  OF  DESCRIPTIVE  AND  ANALYTICAL  BOTANY. 
The  Orders  arranged  after  the  Method  follo\ved  in  the  Universities  and 
Schools  of  Great  Britain,  its  Colonies,  America,  and  India,  with  Additions, 
Appendix  on  the  Natural  Method,  and  a  Synopsis  of  the  Orders,  by 
J.  D.  Hooker,  C.B.,  F.R.S.  With  5,500  Woodcuts.  Imperial  Svo,  31J.  ed. 

EXT-BOOK  OF  STRUCTURAL  AND  PHY- 

BIOLOGICAL  BOTANY. 
By  Professor  Otto  W.  Thom^:.    Translated  and  edited  by  A.  W,  Ben- 
nett, M.A.,  B.  Sc.,  F.L.S.,  Lecturer  on  Botany  at  St.  Thomas's  Hospital. 
With  Map  and  600  Woodcuts.    Small  Svo,  ds. 

pLEMENTARY    BOTANY,  THEORETICAL 

^     AND  PRACTICAL. 

A  Text-Book  designed  primarily  for  Students  of  Science  Classes  connected 
with  the  Science  and  Art  Department  of  the  Committee  of  Council  on 
Education.  By  IL  Edmoxds,  B.Sc,  Lond.,  &c.  With  312  Woodcuts. 
r  cp.  5V0,  price  2s. 
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Everett's  Vibratory   Motion  and 
Sound    .       .        .       ,  . 
Ganot's  Natural  Philosophy      .  . 

  Physics  .... 

Garrod  on  Gout       .       .       .  . 
Garrod's  Materia  Medica 
Glazebrook's  Optics 
Gore's  Electro-Metallurgy 
Gray's  Anatomy       .       .       .  . 
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Maxwell's  Theory  of  Heat  .  . 
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  Inorganic  Chemistry     .  , 
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Mitchell's  Assaying  •  .  .  , 
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